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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant

or financial decisions, should not be based on machine-translation output.

DESCRIPTION CN109721105A

Molybdenum disulfide nanoflower materials and their preparation methods, molybdenum

disulfide nanoflower anode materials and their preparation methods, and batteries.

“HCIEPRTEME REGEGE. ZREBMRER RN HIRESIETS UKL

[0001]

Technical Field
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ARG

[0002]

This invention relates to the field of battery technology, and particularly to molybdenum
disulfide nanoflower materials and their preparation methods, molybdenum disulfide

nanoflower anode materials and their preparation methods, and batteries.

KBRS R AT, B R IRAEMR MBI R ERIEGE. —RER Rk

NEBIE T E AR B,

[0003]

Background Technology

BREEA

[0004]

The depletion of resources and air pollution caused by the extraction and use of fossil fuels
have become a global concern, creating an urgent need for the development of green energy

storage systems.

19-01-2026 - Page 2



HEBEARERT RN RGBT SREANLKIINER, WEEERFERAFENARREL
TEYIMEK,
Lithium-ion batteries, which were invented in the early 1990s, have the advantages of high

energy density and long cycle life.

EEFHEBEANTERVIRENMERIRE, BERERES. BIFFmKNNR.

However, lithium resources are limited and unevenly distributed globally, and organic
electrolytes are flammable, posing safety hazards. These problems have forced people to look
for new, cheaper, and safer energy storage devices to meet the needs of large-scale energy

storage for electric vehicles, smart grids, and other applications.

AN ERREERRETEEXDHTY, BVERRZMTREERE, XEREEBEEANTK

SENERN. Rervmiltiskiss, LUARHENAE. SiENFARRFREFENEX.

[0005]

Non-flammable aqueous electrolytes have a higher safety factor, and aqueous electrolyte

batteries have better application prospects.

ARAIARIKRBEBREEESNL 2R, KAEEREBEERENNARNR.
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[0006]

Summary of the Invention

RARE

[0007]

The first objective of this invention is to provide a method for preparing molybdenum
disulfide nanoflower materials, which can prepare molybdenum disulfide nanoflowers with
graphene-like layered structures and theoretical capacity, and the method is simple and easy

to implement.

KAEAHE—TBENETRE—MTIRCBIREMENRIET X, RHARBHELERLGER

BREMMBICEEN _MNIBMARE, BB EEEST.

[0008]

The second objective of this invention is to provide a molybdenum disulfide nanoflower
material, which has a graphene-like layered structure and theoretical capacity, and the
structure of the molybdenum disulfide nanoflower has a large specific surface area, thus

showing good application prospects.
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AEBAE_NBENETRE—MIRLBMREME, ERERXAERBERENNELTE, Bix

“RACSEAR BT ERRANLERER, BEARENNATR.

[0009]

The third objective of this invention is to provide a method for preparing molybdenum
disulfide nanoflower anode material. This method is simple and easy to implement, and the
molybdenum disulfide nanoflower anode material prepared by this method can improve the

capacity recovery capability of the battery made from it.

REANFE=TBENETRE—MZRCBARERMENGIES X, ZHEARRS1T, BiaRE

Hll B R IRAR e R I EES R A R E GRS B R B R EME L F,

[0010]

The fourth objective of this invention is to provide a disulfide nanoflower anode material that

can be used to prepare batteries to improve the battery's capacity recovery capability, etc.

REAIEETBRETRE—MIRUEAREARME, HEBRTHEEY, DEBRLNER

EMERENF.
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[0011]

The fifth object of the present invention is to provide a battery with better capacity and better

capacity recovery capability.

FRPNELNBNETRME—TEN, ZELRFERE, BEARENEEEMERET,

[0012]

The present invention is achieved by the following technical solution.

R ARKA LU T HRART =R KA,

[0013]

This invention proposes a method for preparing molybdenum disulfide nanoflower materials,
which includes dissolving molybdate and sulfur source in a solvent to obtain a pre-mixed
mixture; reacting the pre-mixed mixture at high temperature to obtain a suspension;
centrifuging the suspension and washing the precipitate to obtain molybdenum disulfide

nanoflower materials.
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A EBRRE—F ZHRACSEMREMRNGI RS A, HEESHERENFURARTANS, SEMHIER
BY);, BtEEYsEeRN G, FERFR;, BRAFRBOEMNITUEHITER, B2 ZHILER

Rl

[0014]

This invention proposes a molybdenum disulfide nanoflower material, which is prepared by

the above-mentioned method for preparing molybdenum disulfide nanoflower materials.

AR BARR I — M IR e, HE R ERR BRI ERIHIE 75 A6 &8,

[0015]

This invention proposes a method for preparing molybdenum disulfide nanoflower anode
material, which includes: mixing dried molybdenum disulfide nanoflower material, a
conductive agent, and a binder to form a slurry; coating the slurry onto a current collector;

and drying it to form a negative electrode sheet.

AR BAR I — M PR ARMEIREIETSE, HEE: FTIEN. B R "HRUIERRE

MR SEF. AREFIESHIACRE; FRBEFBTERE, TIEEHRARKS,

[0016]
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This invention proposes a molybdenum disulfide nanoflower anode material, which is
prepared by the above-mentioned preparation method of molybdenum disulfide nanoflower

anode material.

AR BATR E — M IR L AR, H2H DRsy “IRASEARE R B HI & 75 A &

B

[0017]

This invention proposes a battery in which the negative electrode material includes the above-

mentioned molybdenum disulfide nanoflower negative electrode material.

AR PRTE L —ThER M, X ERMEY TR BFE DR RY R (AR TE iRk L

[0018]

The present invention also proposes a battery in which the negative electrode material
comprises molybdenum disulfide nanomaterials and the electrolyte comprises an aluminum
ion-containing aqueous electrolyte; preferably, the concentration of the electrolyte is 0.2-2

mol/L.
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AEBEFRE—MEA, ZEMARMEEE R EARME, BHNERREIESEE T KR

FERER, ki, FBRERAIRE0.2-2mol/L,

[0019]

The beneficial effects of the preparation method of molybdenum disulfide nanoflower
material in this invention are as follows: The preparation method of molybdenum disulfide
nanoflower material provided by this invention involves dissolving and mixing molybdate and
sulfur source, then reacting at high temperature to obtain a suspension. After centrifuging the
suspension, the precipitate is washed to obtain molybdenum disulfide nanoflower material.
The above method is simple and easy to operate, and the obtained molybdenum disulfide

nanoflower material has a graphene-like layered structure and theoretical capacity.

2 & PASEHERGI Y — AR EM BB EIE L ZNEmMRE . AAPRRMHI TR IBARTEM IR
fl& A ABEIMSERENTRAR. BS, BeaRkNES AR RFRB DRI T
1789, UREITHRUIBPREME, ERGEAEEZEE, BRSHNRAESAREMEARER

AEFRRNERNELEE,

[0020]

The beneficial effects of the molybdenum disulfide nanoflower material in this invention are

as follows: the molybdenum disulfide nanoflower material is prepared by the above method,

19-01-2026 - Page 9



and it has a graphene-like layered structure and theoretical capacity. Moreover, the structure
of the molybdenum disulfide nanoflower has a large specific surface area and has good

application prospects.

N RAEEFIHN R IEAKEMENE T RRE . Z_MAEHREME R EANGERE, HA
BXRAZRERENNIERETE, B _MABENRENVMERRANLLRER, BERENNA

Ao

[0021]

The beneficial effect of the preparation method of molybdenum disulfide nanoflower anode
material in this invention is that the anode raw material used in the preparation method is the
above-mentioned molybdenum disulfide nanoflower material, which can improve the

capacitance recovery ability of the anode material.

2 & BASEHERG B — AR E A IRMEIBHIE H AN B mMRE . ZHE L ATFRABNARERERA

LR ZIRICIRMRIEN K, BB RIRMHNBEREREREN.

[0022]
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The beneficial effects of the molybdenum disulfide nanoflower anode material in this
invention are: the molybdenum disulfide nanoflower anode material is prepared by the above

method and has better capacity recovery capability.

ARG R AR EARMBNERERE . R_MUBMREARMEEH L3RBT

HER, BERENBEREMEET.

[0023]

The beneficial effect of the battery in this embodiment of the invention is that the negative
electrode material of the battery is the above-mentioned molybdenum disulfide nanoflower
negative electrode material, which has better capacity recovery capability, thereby improving

the capacity recovery capability of the battery.

AR ASTEGIR MM E mMRE . ZEMB AR R R8I sEARE iRk, e

MARIEARMENEREMEENIRE, UNERENERTEMERET,

[0024]

The beneficial effects of the battery in this embodiment of the invention are as follows: the
negative electrode material of the battery is molybdenum disulfide nanoflower material, and

the electrolyte is an aluminum ion-containing aqueous electrolyte, which improves the
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battery's capacity recovery capability on the one hand, and improves the battery's safety

performance on the other hand.

AR PASCHEGIRY R E mBIRE . ZEMBARMEIA ZHRCIEARTEME, BERAZIREFK

REBR, —HHNE T ZEBNEREMERT], F—HENRE T EENREHEE,

[0025]

Attached Figure Description

P 1352 B

[0026]

To more clearly illustrate the technical solutions of the embodiments of the present invention,
the accompanying drawings used in the embodiments will be briefly introduced below. It
should be understood that the following drawings only show some embodiments of the
present invention and should not be regarded as a limitation on the scope. For those skilled in
the art, other related drawings can be obtained based on these drawings without creative

effort.
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AT EFRMN AR LALEOIINRAL R, TEFXNSEEG FArERERNHEEE R TA,
HIEME, UTHBENRE T ARBANFELESRG, RLERANREERICENRE, HFAJURS

RARANGFKH, EATHENEMGEIREIRT, &8 MAREXENERSEERBME.,

[0027]

Figure 1 shows the XRD (X-ray diffraction) pattern of the molybdenum disulfide nanoflowers

prepared in Example 8 of this invention;

Bl 197 % BRSL i 58 Fh il & B9 IR AL SHAAKTERIXRD (XS 2107 5 ) B

[0028]

Figure 2 is a rate performance curve of the molybdenum disulfide nanoflowers prepared in

Example 8 of the present invention in a 1 mol/L aluminum chloride solution.

B2 77 % BRSL i I8 FR il & B9 — I AL SHAKTETE Imol /LRI A R PRI E R RERI A E;

[0029]

Figure 3 is a cycle curve of the molybdenum disulfide nanoflowers prepared in Example 8 of

the presentinventionin a 1 mol/L aluminum chloride solution.
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B304 & BASEhE I8 Fh il & Y —Fi (L 3HAKTE 1mol/LRLSE R R PRV EIF B El.

[0030]

Detailed Implementation

BiALER

[0031]

To make the objectives, technical solutions, and advantages of the embodiments of the
present invention clearer, the technical solutions in the embodiments of the present

invention will be clearly and completely described below.

NERZALBEHINEN. RARGEMAREIMEE, TERMNARALHEGFRIRARGRZHITE
. STEMER
Unless otherwise specified in the examples, the conditions shall be performed according to

the standard conditions or the conditions recommended by the manufacturer.

SEHEGIPAREREGRRAE, REEAFHFIFIESHRNIFFHET
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If the manufacturers of the reagents or instruments used are not specified, they are all

conventional products that can be purchased commercially.

PRSNGSR ARERREFT B, HWARUEIHEWLRARFNERS Mo

[0032]

The following provides a detailed description of the molybdenum disulfide nanoflower
material and its preparation method, the molybdenum disulfide nanoflower anode material
and its preparation method, and the battery according to embodiments of the present

invention.

TEXN AR BASEGB I AREME R E G ETG A ZHRUCIBARTEARME R E & 75 7E L

R IT BRI,

[0033]

The preparation method of the molybdenum disulfide nanoflower material of the present
invention includes: dissolving molybdate and sulfur source in a solvent to obtain a pre-mixed
mixture; reacting the pre-mixed mixture at high temperature to obtain a suspension;
centrifuging the suspension and washing the precipitate to obtain the molybdenum disulfide

nanoflower material.
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RPN HRCIBPAREMENGE T A8E: FERBNFRART AT F, [EMEESY); B
MR eYEaRN, [FERFR, BEFRBOENTUEMHEITER, [FEI-HRULIEAREM

Flo

[0034]

Specifically, the solvent mentioned above includes water. After adding molybdate and sulfur

source to the solvent and stirring for no less than 30 minutes, a pre-mixed mixture is obtained.

A, EREFISEK, FRBRIBMFRANNTAFREAFRLDT30min/G, SRS,

[0035]

The aforementioned molybdates include at least one of the following: ammonium molybdate
((NH<sub>4</sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24</sub> « 4H<sub>2</sub>0),

sodium molybdate, etc.

iR sAESEE B13ESRES $R ((NH<sub>4</sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24<

/sub> « 4H<sub>2</sub>0). $HELINFHEREPIE D —F,

[0036]
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The sulfur source mentioned above includes at least one of the sulfur sources such as

thiourea (N<sub>2</sub>H<sub>4</sub>CS) and thioacetamide.

FAEREIERIR (N<sub>2</sub>H<sub>4</sub>CS). A ZEEFMIFREFHNED—M,

[0037]

Preferably, the molar ratio of the above molybdate to the sulfur source is less than or equal to

1:7.

i, ERIBEREBSHIRMIERILNTFETFLT,

[0038]

The above high-temperature reaction can be carried out in a reactor. Specifically, the
obtained pre-mixed material is poured into the reactor and reacted at a temperature greater

than or equal to 180°C for 6-48 hours.

A= RRNAIUERNERHT, #40M, FRENTAEREESMEANRNES, TREATET

180°C# T fz6h-48h,

[0039]
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The centrifugation rate for the above suspension was 6000-8000 r/min.

ERBFRE CRYE CIEZE /6000-8000r/min,

[0040]

The precipitate obtained after centrifugation should be washed repeatedly with deionized

water and ethanol at least three times.

N FEOERENTE B AEEREBE FKMZEEEFRAFDFIR

[0041]

Furthermore, after the precipitate is washed, the washed precipitate is dried to obtain
molybdenum disulfide nanoflower material; in detail, the precipitate can be dried by forced
air drying at a temperature of 70-90°C for about 12 hours to obtain molybdenum disulfide

nanoflower material.

H—H, ERTURYNERTTRE, FERENITURYTIRE ISR ZHRIBAREME; F4,
B LA TR X TIE, TIRREENT0-90°C, FIEBYEI7E12hAR, BENRITSEI ZHiLIALK

el
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[0042]

The preparation method of the molybdenum disulfide nanoflower anode material of the
present invention includes: mixing the molybdenum disulfide nanoflower material prepared
according to the above method with a conductive agent and a binder to form a slurry; coating

the slurry onto a current collector, and drying it to form a negative electrode sheet.

RPN B AREARMEIGIE S A EE . KRR BTG EHERE BRI L

RSEF MEFESHIARE; BRBRFBTERE, TEREHIRARKS,

[0043]

In detail, the mass ratio between molybdenum disulfide nanoflower material, conductive

agent, and binder can be 80-90:10-20:1-10.

A, “IRCIBARIEMEL SEF. REET ZERIBE LERT LAE80-90:10-20:1-10,

[0044]

The aforementioned conductive agent includes at least one of acetylene black, conductive

carbon black (Super-P), Ketjen black, or graphene.
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FRSEFNCIELIRE. FEKE(Super-P). BEZRHAFFEPHELD—M,

[0045]

The aforementioned adhesive includes at least one of polytetrafluoroethylene (PTFE),
polyvinylidene fluoride (PVDF), sodium carboxymethyl cellulose (CMC), or styrene-butadiene

rubber (SBR).

ERREFICIER U NG (PTFE). BIRAIE(PVDF), REPELTLEERIN(CMC)E T FIKA(SBR)H

A= D —7,

[0046]

The aforementioned current collector includes one of the following: carbon paper, stainless

steel, titanium sheet, tantalum sheet, etc., which are stable in the electrolyte.

EREFAEIFETRARPIRERE. FHEW. KA. BERFHRN—H

[0047]

Furthermore, after coating the slurry onto the current collector, it is placed in a vacuum
drying oven and dried at 60-120°C to produce molybdenum disulfide nanoflower anode

material.
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HE—IH, FREFBTEREE, MANEZETIEEHRL60-120°CEITHT, LUSIRZHKERAXK

e SR

[0048]

The negative electrode material of the battery in this invention is the above-mentioned

molybdenum disulfide nanoflower negative electrode material.

7<% BBy BRIt B S AR AR SR A _EIRR) IR AC IR R T Stk KL

[0049]

Furthermore, the electrolyte in the battery includes an aluminum-containing aqueous

electrolyte; preferably, the concentration of the electrolyte is 0.2-2 mol/L.

H—DHIZEMFREAREESRE FKRBRR; ikit, BERIREY0.2-2mol/L,

[0050]

In detail, the above-mentioned aluminum ion-containing aqueous electrode solution is a
solution prepared from at least one raw material including aluminum chloride, aluminum

sulfate, aluminum nitrate, and aluminum acetate.
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WA, ERSEBEFKABRRBEERLE. HERE. HRE. CREFED—MERFIENE

-

Mo

[0051]

It should be noted that the positive electrode material of this battery can be any of the
positive electrode materials in related technologies, such as lithium manganese oxide, nickel-
cobalt-aluminum ternary materials, lithium iron phosphate, etc., and no specific limitation is

made here.

FERPANRE, ZBEBAERMA I LUEREXRAFISFERME, fli0: ZERE, Rm=7T

el BERIRES, FLRFRERE,

[0052]

The present invention also provides a battery, wherein the negative electrode material of the
battery comprises molybdenum disulfide nanoflower material, and the electrolyte comprises
an aluminum ion-containing aqueous electrolyte, preferably, the concentration of the

electrolyte is 0.2-2 mol/L.
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REARRME—FEM, ZEHMNARME SRR ENKEME, BRRAEIESREEFKABR
&, ikith, EBARRBVREJN0.2-2mol/Lo

It should be noted that the negative electrode material in this battery can be prepared using
molybdenum disulfide nanoflower materials prepared by the methods provided in the prior

art.

FERANRE, ZBRBPHARME R UE A RAFERERNT AR EB RSB RIEA ]

o

[0053]

It should be noted that the positive electrode material of this battery can be any of the
positive electrode materials in related technologies, such as graphite, lithium manganese
oxide, nickel-cobalt-aluminum ternary materials, lithium iron phosphate, etc., without

specific limitations.

FERPANE, ZBEBAERMA I LUEREXRAFIEERME, fli0: AR, EERE. B

m=reMEl BERTRIESE, TEUARERARE

[0054]
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The following detailed description, in conjunction with embodiments, provides the
molybdenum disulfide nanoflower material and its preparation method, the molybdenum
disulfide nanoflower anode material and its preparation method, and the battery of the

present invention.

AT E A LGN 2 & BB R IBAREMR R ERE S A, ZRICIBPREARMERER S

RN BB MR — P R AR

[0055]

Example 1

KRt 1

[0056]

1.412 g of (NH<sub>4</sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24</sub> + 4H<sub>2<
/sub>0 and 0.7 g of N<sub>2</sub>H<sub>4</sub>CS were dissolved sequentially in 60 ml of
water and stirred for at least 30 min to prepare a homogeneous aqueous solution. This
solution was then poured into a 50 ml reaction vessel and reacted at 180 °C for 6 h. After the
reaction was completed, the resulting suspension was centrifuged at 7000 r/min and washed

repeatedly with deionized water and anhydrous ethanol at least three times. The precipitate
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was dried in a blower dryer at 80 °C for 12 h to obtain MoS<sub>2</sub> (molybdenum

disulfide nanoflower material).

$51.412g89(NH<sub>4</sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24</sub> * 4H<sub>2<

/sub>0#10.7gAIN<sub>2</sub>H<sub>4</sub>CS{KRAETF60mIBIKF, HHZEL30min, B
ISR EKAR, BEIARISOMIMREES, 180°C/RM6h; RNLERE, BFFFSEFRLTO00r
/minNVERBEOLDE, HFRAEBFKNEKZEREEFRIRUL; FEMESNTIENS0°CFIE

12h, 18%FIMoS<sub>2</sub>(ZiR{LAAKIEMRL).

[0057]

MoS<sub>2</sub>: acetylene black: PVDF = 80:15:5 (mass ratio) was slurried, uniformly
coated on graphite paper, and then dried in a vacuum drying oven at 60-120°C to prepare

molybdenum disulfide nanoflower anode material.

60~120°CEZ=TIRMP T, HIN_FILHEARERRME,

[0058]

Battery preparation: Aluminum chloride hexahydrate was dissolved in 250 ml of deionized

water to prepare a 0.2 mol/L aluminum chloride solution; the above molybdenum disulfide
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nanoflower anode material was used as the anode, graphite rod electrode <img file="
BDA0001931566620000071.TIF" he="65" img-content="drawing" img-format="tif" inline="no"
orientation="portrait" wi="220"/> was used as the counter electrode, and silver-silver

chloride was used as the reference electrode.

HlE M R UKRIEAEE250mIEBEFKPEEO.2mol/LRWIRAER; HIU LR THL A
KEARME A AN, AEFER <img file="BDA0001931566620000071.TIF" he="65" img-
content="drawing" img-format="tif" inline="no" orientation="portrait" wi="220"/> A3t Bk,

UIR-RILIRAS LB,

[0059]

Example 2

SEhEf5)2

[0060]

1.412 g of (NH<sub>4</sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24</sub> + 4H<sub>2<
/sub>0 and 1.46 g of N<sub>2</sub>H<sub>4</sub>CS were dissolved sequentially in 60 ml of
water and stirred for at least 30 minutes to prepare a homogeneous aqueous solution. This

solution was then poured into a 50 ml reaction vessel and reacted at 220 °C for 48 h. After the
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reaction was completed, the resulting suspension was centrifuged at 7000 r/min and washed
repeatedly with deionized water and anhydrous ethanol at least three times. The precipitate
was dried in a blower dryer at 80 °C for 12 h to obtain MoS<sub>2</sub> (molybdenum

disulfide nanoflower material).

$51.412gM9(NH<sub>4</sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24</sub> « 4H<sub>2<
/sub>0#11.46gBIN<sub>2</sub>H<sub>4</sub>CSHRARRT60mIke, HEELD3055, A
RY9ABLREKAR, BINRSOMIMREES, 220°C/RN48h; RNLERE, BAFEFRIU
7000r/minBERBE LN S, HAEBEFKNEKZEREFRIRUL; BEIEYEESNX TR

80°CFI212h, BEIMoS<sub>2</sub>(ZiR{IEMKITEIE,

[0061]

MoS<sub>2</sub>:Super-P:PTFE = 80:15:5 (mass ratio) was slurried, uniformly coated on
stainless steel, and then dried in a vacuum drying oven at 60-120°C to prepare molybdenum

disulfide nanoflower anode material.

$MoS<sub>2</sub>: Super-P: PTFE=80:15:5(FR£Lb)#1THIE, HWUFRBELREW L, ARE

60~120°CE=FIRFEF /T, BN _HULBERREARME.,

[0062]
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Battery preparation: Dissolve aluminum sulfate octadeca in 250 ml of deionized water to
prepare a 2 mol/L aluminum sulfate solution. Use the above molybdenum disulfide
nanoflower anode material as the anode, graphite rod electrode <img file="
BDA0001931566620000081.TIF" he="60" img-content="drawing" img-format="tif" inline="no"
orientation="portrait" wi="220"/> as the counter electrode, and silver-silver chloride as the

reference electrode.

M 1) UKREREAREI250mIEB FKPEE2mol/LIRERIEA R, FH U LR ZHRHIEM
KiERRME Rk, GEEBR <img file="BDA0001931566620000081.TIF" he="60" img-
content="drawing" img-format="tif" inline="no" orientation="portrait" wi="220"/> Jy 381k,

IR-SRICIRAS LB,

[0063]

Example 3

SEhtEf)3

[0064]

A pre-mixture was prepared by mixing (NH<sub>4</sub>)<sub>6</sub>Mo<sub>7<

/sub>0<sub>24</sub> * 4H<sub>2</sub>0 and N<sub>2</sub>H<sub>4</sub>CS in a molar
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ratio of 1.7 with water and stirring for 35 min. The pre-mixture was then poured into a reactor
and reacted at 200°C for 30 h. After the reaction was completed, the suspension was
centrifuged at 6000 r/min to obtain the precipitate, which was repeatedly washed four times
with deionized water and anhydrous ethanol. The precipitate was then dried in a blower at

70°C for 18 h to obtain molybdenum disulfide nanoflower materials.

BE/REEF1:TH(NH<sub>4</sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24<

/sub> « 4H<sub>2</sub>0F1IN<sub>2</sub>H<sub>4</sub>CSHAE S, ##¥35min, HI15FHE
BEY; BHIESMEINRNEZER, T200°CEHG TERRM30h, RNSTHGEREZRTE6000r
/minBOVSENTUEY), AEBFAKMEKZEES HK4R, THXFIEYIALLTOC, FIEE18h,

B ZHiCIRgRTEM L,

[0065]

A slurry was prepared by mixing molybdenum disulfide nanoflower material, conductive
agent, and binder in a weight ratio of 90:8:2. The slurry was coated onto stainless steel and
dried in a vacuum drying oven at 100°C to produce molybdenum disulfide nanoflower anode

material.

REELLN90:8: 2 ZIRLSAAREMEL. SRFAIMMETRIFRE, FREFBTAHMW, &

100°CE=TFIEMETPET, IR —IRLsBMRIER IR EL
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The conductive agent is a mixture of Ketjen black and graphene, and the binder is a mixture of

sodium carboxymethyl cellulose (CMC) and styrene-butadiene rubber (SBR).

SEFANZENGRFIVESY), MEFINRPEAERNCMC)N T REAR(SBR)EVES Y.

[0066]

Battery preparation: Aluminum nitrate was prepared into an aqueous electrode solution
containing aluminum ions with a concentration of 0.2 mol/L. The above-mentioned
molybdenum disulfide nanoflower anode material was used as the anode, graphite rod
electrode <img file="BDA0001931566620000082.TIF" he="60" img-content="drawing" img-
format="tif" inline="no" orientation="portrait" wi="219"/> was used as the counter electrode

(positive electrode), and silver-silver chloride was used as the reference electrode.

HlE M FREREHIRGREA0.2mol /LS RE FKRBINE, U ERTHRAEGRE LR
Nk, A=EERK <img file="BDA0001931566620000082.TIF" he="60" img-content="
drawing" img-format="tif" inline="no" orientation="portrait" wi="219"/> 3B (EK),

R-FWIRASLEER.

[0067]

Example 4
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SEhtEf4

[0068]

A pre-mixture was prepared by mixing (NH<sub>4</sub>)<sub>6</sub>Mo<sub>7<
/sub>0<sub>24</sub> + 4H<sub>2</sub>0 and N<sub>2</sub>H<sub>4</sub>CS in a molar
ratio of 1:8 with water and stirring for 40 min. The pre-mixture was then poured into a reactor
and reacted at 240°C for 10 h. After the reaction was completed, the suspension was
centrifuged at 8000 r/min to obtain the precipitate, which was repeatedly washed four times
with deionized water and anhydrous ethanol. The precipitate was then dried in a blower at

90°C for 11 h to obtain molybdenum disulfide nanoflower materials.

BE/REE 71:889(NH<sub>4</sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24<

/sub> « 4H<sub>2</sub>0FN<sub>2</sub>H<sub>4</sub>CSHN/K;E&, ##40min, HISTaH
BEY; BHIESMEINRNER, T240°CHEGTERRM10h, RNSTHGEREZRTES000r
/minB R ENTUEY), AEBFKNEKZEES RR4R, EERFEVALI0°C, FEllh, &

B ZHiCIRgRTEM L,

[0069]

19-01-2026 - Page 31



A slurry was prepared by mixing molybdenum disulfide nanoflower material, conductive
agent, and binder in a weight ratio of 80:14:6. The slurry was coated onto stainless steel and
dried in a vacuum drying oven at 60°C to produce molybdenum disulfide nanoflower anode

material.

REELL980:14:6RY ZFRLIRAKEMEL. SHAIFMETFINRE, BRRFBTAHEMN, &
60°CEZTIEMEPET, HIZHiIBMKE DRI

The conductive agent is a mixture of acetylene black, Super-P (conductive carbon black) and
Ketjen black, and the binder is a mixture of polytetrafluoroethylene (PTFE), polyvinylidene

fluoride (PVDF) and sodium carboxymethyl cellulose (CMC).

SEFINZIRE. Super-P(RRRBR)NBZRIVESY), MEFNRUAZE(PTFE). RRAIE

(PVDF) AR A B AT 4R W (CMC) RE &40

[0070]

Battery preparation: Aluminum acetate was prepared into an aqueous electrode solution
containing aluminum ions with a concentration of 1.6 mol/L. The above-mentioned

molybdenum disulfide nanoflower anode material was used as the anode, graphite rod
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electrode <img file="BDA0001931566620000091.TIF" he="61" img-content="drawing" img-
format="tif" inline="no" orientation="portrait" wi="219"/> was used as the counter electrode

(positive electrode), and silver-silver chloride was used as the reference electrode.

HIEEM: KZEREFIARENL6mol/LAIEEBFKRBIRR, UERTIHRBPREDRF
Ak, AEEBR <img file="BDA0001931566620000091.TIF" he="61" img-content="
drawing" img-format="tif" inline="no" orientation="portrait" wi="219"/> A3 Bk (IEK), L

R-FWIR NS ER.

[0071]

Example 5

L5

[0072]

Sodium molybdate and thioacetate in a molar ratio of 1:7.5 were mixed with water and stirred
for 32 min to obtain a pre-mixture. The pre-mixture was poured into a reaction vessel and

reacted at 236°C for 24 h. After the reaction was completed, the suspension was centrifuged at
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7500 r/min to obtain the precipitate, which was repeatedly washed 5 times with deionized
water and anhydrous ethanol. The precipitate was then dried in a blower at 86°C for 13 h to

obtain molybdenum disulfide nanoflower materials.

RE/REE N 17 SHSRERSWAIFR A ZERINAKR S, #EH32min, BISTRLIESY); BIELESYEIN
RNZEF, £236°CHEMHTEERN24h, RNFTEAERFEFRETS00r/minEOSENEY), BE

BFKMITKZEESHIESR, EHFXTENRIU86°C, FIE13h, FEIZHRUIBIHREKL,

[0073]

A slurry was prepared by mixing molybdenum disulfide nanoflower material, conductive
agent, and binder in a weight ratio of 80:18:2. The slurry was coated onto tantalum sheets and
dried in a vacuum drying oven at 100°C to prepare molybdenum disulfide nanoflower anode

material.

RKEELEN80:18:2M LB KIEM KL SRAIFIRETIGIRRRK, BREFETER, &
100°CEZ=TFIEMEP T, I _IRE KRR
The conductive agent is conductive carbon black, and the binder is styrene-butadiene rubber

(SBR).
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SEAIANSBERRER, METNTEZE(SBR).

[0074]

Battery preparation: Aluminum chloride and aluminum sulfate were mixed to prepare an
aluminum ion-containing aqueous electrode solution with a concentration of 1.2 mol/L. The
above-mentioned molybdenum disulfide nanoflower anode material was used as the anode,
graphite rod electrode <img file="BDA0001931566620000101.TIF" he="60" img-content="
drawing" img-format="tif" inline="no" orientation="portrait" wi="220"/> was used as the
counter electrode (positive electrode), and silver-silver chloride was used as the reference

electrode.

HlFEM: BRAENRBRIEESHIBRENL2mol/LNEEEFKRBIREK, U LARTHAEN
KEARME A AR, GEFER <img file="BDA0001931566620000101.TIF" he="60" img-
content="drawing" img-format="tif" inline="no" orientation="portrait" wi="220"/> 23t BBk

(IE1R), MIR-RILIRASLEEBR,

[0075]

Example 6

SEhtEf16
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[0076]

A pre-mixture was prepared by mixing (NH<sub>4</sub>)<sub>6</sub>Mo<sub>7<
/sub>0<sub>24</sub> + 4H<sub>2</sub>0, sodium molybdate, N<sub>2</sub>H<sub>4<
/sub>CS, and thioacetamide in a molar ratio of 1:7 with water and stirring for 45 min. The pre-
mixture was then poured into a reaction vessel and reacted at 260°C for 24 h. After the
reaction was completed, the suspension was centrifuged at 6500 r/min to obtain the
precipitate, which was repeatedly washed three times with deionized water and anhydrous
ethanol, and then dried at 85°C in a blower dryer to obtain molybdenum disulfide nanoflower

materials.

BEE/REE A 1: TR (NH<sub>4</sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24<

/sub> « 4H<sub>2</sub>0. fHERSNFIN<sub>2</sub>H<sub>4</sub>CSHIFHZ BRI E
&, WH45min, FIEMEIREY, BMSIEESMENRKES, E260°CEHTRARN24h, &
RISER e R B R RIE6500r/ minBE IS ENTURY), AEBFKMILKZEES HEIR, EENTIE

MIFRLA85°C, FIg, FEIZHRAEARIEMEL

[0077]
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A slurry was prepared by mixing molybdenum disulfide nanoflower material, conductive
agent, and binder in a weight ratio of 80:10:10. The slurry was coated onto a titanium sheet
and dried in a vacuum drying oven at 100°C to produce a molybdenum disulfide nanoflower

anode material.

RKEELE80:10: 100 ML sBAR LM KL FHRFIFIALETRIRRE, BREFBETHRA, &
100°CE=TFIEMEPET, IR —IRLsBMRIER R EL

The conductive agent is acetylene black, and the binder is polytetrafluoroethylene (PTFE).

SEFNANCRE, HEFIARELAIEGPTFE)

[0078]

Battery preparation: Aluminum chloride was prepared into an aqueous electrode solution
containing aluminum ions with a concentration of 1.5 mol/L. The above-mentioned
molybdenum disulfide nanoflower anode material was used as the anode, lithium iron
phosphate electrode <img file="BDA0001931566620000102.TIF" he="60" img-content="
drawing" img-format="tif" inline="no" orientation="portrait" wi="219"/> was used as the
counter electrode (positive electrode), and silver-silver chloride was used as the reference

electrode.
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HIEEM: BRABEHRRENLSmol/LNEREFKREBRR, U ERZHUBHPKE DR
Nk, BEEREAEEERMR <img file="BDA0001931566620000102.TIF" he="60" img-content="
drawing" img-format="tif" inline="no" orientation="portrait" wi="219"/> A3t EBIR(IE4R), X

R-FWIRA SR,

[0079]

Example 7

K7

[0080]

Commercially available molybdenum disulfide nanoflower material was mixed with
conductive agent and binder to form a slurry with a weight ratio of 80:15:5. The slurry was
coated onto titanium sheets and dried in a vacuum drying oven at 100°C to produce

molybdenum disulfide nanoflower anode material.

EATHENZIRAEAREMHE S FBF. METREHBRR, EELN80:15:5, FREFET
whH, EI00°CEZTFREAFHET, FINZRUEEAREDRTF,

The conductive agent is acetylene black, and the binder is polytetrafluoroethylene (PTFE).
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SEFINCRE, HBEFIARERIEPTFE).

[0081]

Battery preparation: Aluminum chloride was prepared into an aqueous electrode solution
containing aluminum ions with a concentration of 1.5 mol/L. The above-mentioned
molybdenum disulfide nanoflower anode material was used as the anode, lithium iron
phosphate electrode <img file="BDA0001931566620000103.TIF" he="60" img-content="
drawing" img-format="tif" inline="no" orientation="portrait" wi="219"/> was used as the
counter electrode (positive electrode), and silver-silver chloride was used as the reference

electrode.

HlEEt . FRABHIECREALSmol/LNERE FKRBIRE, U ERTHRAHEIRE AR
Nk, BEEREAEEERMR <img file="BDA0001931566620000103.TIF" he="60" img-content="
drawing" img-format="tif" inline="no" orientation="portrait" wi="219"/> 3Bk (EK), L

R-FWIR A SR,

[0082]

Example 8
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SEEf518

[0083]

1.412 g of (NH<sub>4</sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24</sub> + 4H<sub>2<
/sub>0 and 1.46 g of N<sub>2</sub>H<sub>4</sub>CS were dissolved sequentially in 60 ml of
water and stirred for at least 30 minutes to prepare a homogeneous aqueous solution. This
solution was then poured into a 50 ml reaction vessel and reacted at 220 °C for 48 h. After the
reaction was completed, the resulting suspension was centrifuged at 7000 r/min and washed
repeatedly with deionized water and anhydrous ethanol at least three times. The precipitate
was dried in a blower dryer at 80 °C for 12 h to obtain MoS<sub>2</sub> (molybdenum

disulfide nanoflower material).

$61.412gR9(NH<sub>4</sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24</sub> + 4H<sub>2<
/sub>0#11.46gRIN<sub>2</sub>H<sub>4</sub>CSHRARRT60mIke, HHELD3055, A
R9ABNREKAR, BINESOMIMRBER, 220°C/R48h; RENLERE, BAAFEFRIU
7000r/minAVAEEREODE, FHFRAEBFKMITKZEREFRIRUL; BREMESNTIEN

80°CFIE12h, BEIMoS<sub>2</sub>(ZiREBLKTEIED,

[0084]
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MoS<sub>2</sub>:Super-P:PTFE = 80:15:5 (mass ratio) was slurried, uniformly coated on
stainless steel, and then dried in a vacuum drying oven at 60-120°C to produce molybdenum

disulfide nanoflower anode material.

$MoS<sub>2</sub>: Super-P: PTFE=80:15:5(FR£Lb)#1THI%, HWUFRBELRTEW L, ARBKE

60~120°CE=FIRFMEP /T, BN —HUBERRTARME.,

[0085]

Battery preparation: Aluminum chloride octadecahydrate was dissolved in 250 ml of
deionized water to prepare a 1 mol/L aluminum chloride solution. The above molybdenum
disulfide nanoflower anode material was used as the anode, graphite rod electrode <img file="
BDA0001931566620000111.TIF" he="60" img-content="drawing" img-format="tif" inline="no"

orientation="portrait" wi="220"/> was used as the counter electrode, and silver-silver

chloride was used as the reference electrode.

HlEEM: 1/ UKREBHER250mIEE FKPEE Imol/LRLEAR, FHIULARZHLEM
KIEGRMB AR, AEFERK <img file="BDA0001931566620000111.TIF" he="60" img-
content="drawing" img-format="tif" inline="no" orientation="portrait" wi="220"/> AT &84k,

LIR-SER A E LB R,
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[0086]

Comparative Example 1

xFEEfHI1

[0087]

Comparative Example 1 prepared molybdenum disulfide nanoflower materials, anode
materials, and batteries using a method similar to that in Example 3. In the preparation of
molybdenum disulfide nanoflower materials, the molar ratio of (NH<sub>4</sub>)<sub>6<
/sub>Mo<sub>7</sub>0<sub>24</sub> * 4H<sub>2</sub>0 and N<sub>2</sub>H<sub>4<

/sub>CS was 1:4, and other method steps were the same as in Example 3.

T LB 1R A S SEREFI3HEIARY 5 /A S & BB K EMEL. Aamiiflet, Ed, fSI& 2Rk
A RIEMEIET, (NH<sub>4</sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24<
/sub> « 4H<sub>2</sub>0F1IN<sub>2</sub>H<sub>4</sub>CSHIEE/Rtt A 1:4, HfhGxFTEBS

BRSERE(I3,

[0088]

Comparative Example 2
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xfEb 12

[0089]

Comparative Example 2 prepared molybdenum disulfide nanoflower materials, anode
materials, and batteries using a method similar to that in Example 3. The weight ratio of
molybdenum disulfide nanoflower materials, conductive agents, and binders was 55:28:17,

and other method steps were the same as in Example 3.

X EbF125% BB 5 SE i 3ARINBY 77 AR & i (L sRAKErt . kAN, Hop, ZHRLE

Kiertkl SIS TREELE55:28:17, HithG AP BSREMHEHI3,

[0090]

Comparative Example 3

xFEEHI3

[0091]

Comparative Example 3 uses a similar method to Example 3 to prepare molybdenum disulfide

nanoflower materials, negative electrode materials, and batteries. In this case, PC (propylene
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carbonate) is used as the electrolyte when preparing the battery, and other methods and

steps are the same as in Example 3.

Xt EE B3R AR S SR HISABIARY 7T AR IR CsEGuREMFL iRl N e, Hep, Sl

EAPC(MERRIRER) N EEER, HittDZTBSIRLHERS,

[0092]

Comparative Example 4

XL 54

[0093]

Comparative Example 4 prepared molybdenum disulfide nanoflower materials, anode
materials, and batteries using a method similar to that of Example 3. Specifically, when
preparing the molybdenum disulfide nanoflower materials, the molar ratio of (NH<sub>4<
/sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24</sub> « 4H<sub>2</sub>0 and N<sub>2<
/sub>H<sub>4</sub>CS was 1:4, and the weight ratio of the molybdenum disulfide
nanoflower materials, conductive agent, and binder was 55:28:17. When preparing the
batteries, PC (propylene carbonate) was used as the electrolyte. Other method steps were the

same as in Example 3.
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Xt Eb 51457 F 5 SRHEGI3AEINAY 75 3£ B & IR IRRTEM RN TatkiRin e, He, HI& TR
SBARKIEMEIET, (NH<sub>4</sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24<

/sub> « 4H<sub>2</sub>0FIN<sub>2</sub>H<sub>4</sub>CSBIEE/RLt A 1:4, ZIR{LIBHKIE
ML SHRFIFRETINESLL/955:28:17, Hl&EMEERAPCHERAIGES) NEAR, HithAED

BEMIRIhE3.

[0094]

The specific capacity retention rate of the batteries prepared in Examples 1-8 and
Comparative Examples 1-4 was tested for cyclic discharge: Test method: The discharge
capacity was measured under the conditions of 0.5C/0.5C and 2.75-4.4V charge and discharge.
The capacity retention rate was measured after 100 cycles at this rate. The results are shown

in Table 1.

X SEhE ) 1-8F 89X LE B 1-4%I & B R AT IR I I B b S RIF AN . MR 5% 1£0.5C/0.5C,

275-4ANTEBRIFHEHT, MNHEEE, ZEXT, 100XBHFENTEREGER, ERIRL

[0095]

Table 1. Volume retention rate after 100 cycles
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1 100REFENEBFSE

[0098]

As can be seen from the results in Table 1, the methods for preparing molybdenum disulfide
nanoflowers, preparing negative electrode materials, and preparing batteries of the present

invention can enable batteries to have better capacity retention.

FRZRIMERA, A&PBBVGIE ZHRUIBARENTT A GSIEARMEINTGE, IEEMITGERE

BEEMAFRENTERTER,

[0099]

As shown in Figure 2, molybdenum disulfide nanoflowers have a high specific capacity at a
current density of 1 A/g, but the specific capacity decreases rapidly with increasing current

density.

MERATH], “RIGBMKTEELA g ABE TAERENLAR, MEDRBENEA, A8
TR FFARo
When the current density recovered to 1 A/g, the capacity did not decrease significantly,

indicating that molybdenum disulfide nanoflowers have good capacity recovery ability.
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HERBEMEER1A/H, FEREHEN TR, HWATHUHEARTEAERIFNEEME/EN.

[0100]

As shown in Figure 3, the specific capacity of molybdenum disulfide nanoflowers gradually
decreases with the increase of the number of cycles, but the cycle can still continue. This
indicates that molybdenum disulfide nanoflowers can be used as electrode materials for

aqueous aluminum-ion batteries.

FRE3A, FBEBIRERREA, —HRUEPRENLEEEZNER, EZMERIEBITAES:, X

WA IR LSRG TE AT E K RIB B F HE BB AR A L

[0101]

In summary, the beneficial effects of the preparation method of molybdenum disulfide
nanoflower material in the embodiments of the present invention are as follows: The
preparation method of molybdenum disulfide nanoflower material provided by the present
invention involves dissolving and mixing molybdate and sulfur source, then reacting at high

temperature to obtain a suspension, followed by centrifugation of the suspension and
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washing of the precipitate to obtain molybdenum disulfide nanoflower material. The above
method is simple and easy to operate, and the obtained molybdenum disulfide nanoflower

material has a graphene-like layered structure and theoretical capacity.

Zr EFrid, ZA&PASCHEGIBY —IRACSEAREMEINGIEL EZNEmURE . R FRERN BN
KIEMEINGEIEHEZBINRBRENTIRER. BE, BeERMFIGRTR, ARNEIRED
[ERTURMIEITIES, UREITIRLIBPREME, ERTEREZIEE, BRSH"HRUESNRE

MHEEXAEHEEREMNEILETE,

[0102]

The beneficial effects of the molybdenum disulfide nanoflower material in this invention are
as follows: the molybdenum disulfide nanoflower material is prepared by the above method,
and it has a graphene-like layered structure and theoretical capacity. Moreover, the structure
of the molybdenum disulfide nanoflower has a large specific surface area and has good

application prospects.

RAETEFIHN R IBAKEMENETRRE . Z_HUIBEHRREME R EANGERE, HA
BRAZRERENNIEREE, B _MABENKEIVMERERANLLRER, BARENNA

Ao

19-01-2026 - Page 48



[0103]

The beneficial effect of the preparation method of molybdenum disulfide nanoflower anode
material in this invention is that the anode raw material used in the preparation method is the
above-mentioned molybdenum disulfide nanoflower material, which can improve the

capacitance recovery ability of the anode material.

2R BRSEHERG B — R AR RMEIBHIE H AN B mMRE . RHEHATFRBNARERRA

REYZHCIEARTEMEL, BEEERRMHRIBE R EMEET.

[0104]

The beneficial effects of the molybdenum disulfide nanoflower anode material in this
invention are: the molybdenum disulfide nanoflower anode material is prepared by the above

method and has better capacity recovery capability.

ARG R IR ARMBNERNRE . R_MUBMNREARMEEH L3RBT A

HER, BARENBEREMEE.

[0105]
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The beneficial effect of the battery in this embodiment of the invention is that the negative
electrode material of the battery is the above-mentioned molybdenum disulfide nanoflower
negative electrode material, which has better capacity recovery capability, thereby improving

the capacity recovery capability of the battery.

AR PASEHEGIR MR B mRE . R E Y ERB iR EgRE A RME, e

MAREARMENBEREMERNRIE, UERENETEMERT,

[0106]

The beneficial effects of the battery in this embodiment of the invention are as follows: the
negative electrode material of the battery is molybdenum disulfide nanoflower material, and
the electrolyte is an aluminum ion-containing aqueous electrolyte, which improves the
battery's capacity recovery capability on the one hand, and improves the battery's safety

performance on the other hand.

A RPASCHEGIRY MR E mBRE . ZEMBARMEIA ZHRCIEARTEME, BERAZIREFK

RERR, —HHNE T ZEBNEREMERT], 5—HENRETEENREHEE,

[0107]

19-01-2026 - Page 50



The embodiments described above are some, but not all, of the embodiments of the present

invention.

LA EFrs ARy SERE B @ A A B— 3R o 3= htifsl, A2 EBRYSERES,
The detailed description of the embodiments of the present invention is not intended to limit
the scope of the claimed invention, but merely to illustrate selected embodiments of the

invention.

A& PARY LGBV F A H A F B TR PREIZ R RIFRI AL BRRVSEE, MRANINRT A& BFRYIEE L
5o
Based on the embodiments of this invention, all other embodiments obtained by those skilled

in the art without inventive effort are within the scope of protection of this invention.

BTARRPAFRILHES, SMAEERARARERE FH NSRS EIRIE TARSHVFR A EfthSLhE

51, &RET A A&BRRIFBISERE,
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