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DESCRIPTION CN104857976A

A three-dimensional molybdenum disulfide nanoflower-graphene composite material and its

application

— = FRNIEARE-AERE SR RENA

[0001]

Technical Field
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ARG

[0002]

This invention belongs to the field of clean and sustainable new energy preparation and
application, and specifically relates to a three-dimensional molybdenum disulfide nanoflower-

graphene composite material and its application.

KNERPRB T AEFFSARERRE N AT, 55 h—M= " IRBMRE-AEHRESTH

NEMNF,

[0003]

Background Technology

BREEA

[0004]

With the rapid development of the world economy, the excessive consumption of traditional
energy sources such as oil and natural gas, as well as the environmental problems caused by
the use of traditional energy sources, are hindering the rapid and effective further

development of today's society.
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FHEERZTNERAR, FRERNEH. RASEIEBFEUNRERERERASREIFRER
AHL9E S HSREFEVRH—T LR,
Therefore, finding an inexhaustible, green, and clean energy source to replace traditional

energy sources has become the top priority in solving the energy crisis.

F LB —MENZ ARAZ NBER B E ER RS ERERRNERERENNERZE,
Hydrogen, as a renewable resource, has the characteristics of being green and pollution-free,
and therefore it can be used as an ideal new type of green energy to replace traditional non-

renewable resources.

SRMEN—MAIBLERREERET SRFNR, AETUEN—MIEENHERERFEEINAE
ST BERR,

Traditional electrochemical hydrogen evolution catalysts include platinum-based noble metal
catalysts. Although these catalysts exhibit superior electrochemical hydrogen evolution
catalytic activity, their high preparation cost and limited earth reserves restrict their further

development and practical application.
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RRR LA ENT EEBERN R B ENT, XEECRARIBRANBRELITRIE

&, ERRERBENTGIENAS. HIXEEFED, RETH#—P ZEMSEIRNA.

[0005]

Molybdenum disulfide is a typical transition metal sulfide with a layered structure similar to

graphene.

“RE—MHRENTES BN, BERNUTAREENEIREM,

In recent years, theoretical calculations and experimental results have shown that the
catalytic active centers of molybdenum disulfide exist on the active sites at the edges of the
002 facet rather than on the inert 002 facet itself. Meanwhile, molybdenum disulfide, as a
semiconductor, has poor conductivity, resulting in a large resistance value between the two
phases at the catalyst interface, thereby reducing the catalytic efficiency of the catalyst itself.
On the other hand, during long-term use, catalysts inevitably dissolve in the solution, directly
leading to a decrease in catalyst activity, thus failing to meet the requirements for long-term
use. Therefore, improving the stability of the ultra-short skirt of electrochemical catalytic
hydrogen evolution catalysts has become another practical issue that needs to be considered
to improve catalytic performance. The preparation of molybdenum disulfide-graphene
composite materials has been reported for applications in electrochemical hydrogen

evolution, supercapacitors, lithium-ion batteries, and other fields. To date, the synthesis of
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molybdenum disulfide nanosheets with a three-dimensional nanoflower structure
perpendicular to graphene via a one-step hydrothermal method, with the lattice spacing on

the 002 plane expanded to 0.85 nm, has never been reported.

sk, e REMLIRERRETMRLENENCEER OFET02E LMVIASHEE R LA
EEMN002EAS., SEN_HUBEFEN—MERE, BEREMERR, EFELTIFEME
[BIfFEIRARYEERE, MMFRETECTIASNENNRR, 5—HE, ECTIKAERIZRT#
ENAEEASARTARED, BEESBUELTIBOEMSERR, MMAeeHE e FEFIIK EliE
ABIER, FHitiRSBAAEMTSELTIEEEREMERA TIRBELREN Z—EFES RRIKIR
. —WME-AERESMHNHEERIRENATRIFNR, BRERSE, EEFHEEEFS
Ho FIBRIAL, BE—PKESREE=ZHPREEHMN _MHBEMNRFEETAERLE, H

BEHO002E R &t&iaREY KF0.85nmit R BiRET,

[0006]

The purpose of this invention is to address the shortcomings of existing technologies by
providing a compound of a three-dimensional molybdenum disulfide nanoflower-graphene

composite.

FERPANBNZHHNMERANTE, RE—M=H_MLBMRE-AZ2HESYNLEY.
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It is also applied in the field of electrochemical hydrogen evolution catalysis. This three-
dimensional molybdenum disulfide nano-graphene exhibits characteristics such as low

catalyst loading, high catalytic activity, and good stability.

HNATFBEAFRSELTE. Z=EREBMRL-ARHERBREATINEER. ELELES.

REMIFFR o

[0007]

Summary of the Invention

RBPAAR

[0008]

The purpose of this invention is to address the shortcomings of existing technologies by
providing a three-dimensional molybdenum disulfide nanoflower-graphene composite

material and its applications.

FERPNBNETHNRERANTE, RH—T=H_MUBEARE-A2HESMRRENA.

[0009]
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The objective of this invention is achieved through the following technical solution: a three-
dimensional molybdenum disulfide nanoflower-graphene composite material, prepared by

the following method:

REBHWENSEIUTRAAELINN: —FMH=g_MAENRE-AEHREEME, BIUTA

[0010]

(1) 10 mg of graphene oxide (GO) was uniformly dispersed in 10 mL of N,N-

dimethylformamide (DMF) to obtain a graphene oxide suspension;

(1) F1omgakaEE (GO) HWIPHMFIOMLN_RERERZ (DMF) R, RESLARES

e e .
R,

[0011]

(2) Dissolve 20 mg of ammonium thiomolybdate in the graphene oxide suspension from step

1;

(2) F20mgRNIBERIAT I BINENASHATRT;
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[0012]

(3) Transfer the mixed solution obtained in step 2 to a reaction vessel and react at 190°C for 15

h to obtain a black product;

(3) EFB2PRIRVESARLBZIIRNER, H7E190°CTFRM15h, FEIERES~Y;

[0013]

(4) The black product obtained in step 3 was washed with ethanol and then vacuum dried at
60°C for 24 h to obtain a three-dimensional molybdenum disulfide nanoflower-graphene

composite material.

(4) FITBE3IPRNFEINERBYIRZEERE, HECTEZTIER24h, T2 =4 _HKIEN

Rie-BEBESMEL

[0014]

An application of a three-dimensional molybdenum disulfide nanoflower-graphene
composite material is disclosed, wherein the material is used to prepare an electrode, the
electrode consisting of a glassy carbon electrode and a three-dimensional molybdenum

disulfide nanoflower-graphene composite material coated on the glassy carbon electrode.
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—M=H T IRUIBARE-AERESMRNNA, N AARKFRMEIN AT 6 &R, FrkEk

IR i BB AR A vk IR bR BB AR LRI =28 IR L SRAKTE- ARG E A ME AN,

[0015]

Further, the electrode is prepared as follows: 3 mg of three-dimensional molybdenum
disulfide nanoflower-graphene composite material is dispersed in a mixed solution of 1.5 mL
of deionized water and ethanol (volume ratio of deionized water to ethanol is 3:1), and then
120 pL of Nafion solution with a mass fraction of 5 wt% is added. After uniform dispersion, a
suspension is obtained; the suspension is coated on a glassy carbon electrode and naturally
dried to obtain a glassy carbon electrode modified with three-dimensional molybdenum

disulfide nanoflower-graphene.

H—EH, PIRBRINEIEEER: E3mg=EZMUENKE-GERESME I TLIMLER
FARMZERNRESERT (BFKMIENERLEN3: 1) , ARMANI20uLRESD EI5wt%HY
NafionBi&H, HE95E, REIEFR, BRAFRFERREBERL, BATEREREI=Z4LTMIL

HARTE- B EIBIETRBIIRERE R

[0016]
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The beneficial effects of this invention are: this invention obtains a three-dimensional
molybdenum disulfide nanoflower-graphene composite material through a simple one-step
hydrothermal method, and the electrode prepared using this material can be applied to

electrochemical catalytic hydrogen evolution.

FERPNBEmRRE . NRPBIEEN—PKERE T ZHE_MUBERKE-A2HESMH,
R A ZMESIE B ERA] LN BT B EAITEH.

In terms of catalytic activity, since these three-dimensional molybdenum disulfide
nanoflowers are perpendicular to the graphene substrate, the active centers at the edges of
the catalytically active 002 surface are more likely to come into contact with hydrogen ionsin

the solution.

EEEETE, BFXM=4£"MtENREREEETAEHRER LN, HtREGEMEERN
002E LIALCEEFOMER BB RPNE S FHEht,
Compared to flat molybdenum disulfide nanosheets, this reduces the resistance to electron

transport between molybdenum disulfide layers.

X F TR IR SEAR A R T B FEZRERS EZiEEmaIE .
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In addition, graphene has good electron conduction and transport properties, which

effectively reduces the resistance between the two phases of the catalyst.

SMaEHEERFNBEFESMNERER, BREIRER T EWL57 ™8I,

It improved catalytic activity.

=RE T EEE,

In terms of catalytic stability, the increased interlayer spacing on the 002 surface and the
formation of the three-dimensional structure in the three-dimensional molybdenum disulfide
nanoflower-graphene composite material help reduce the volume change of the catalyst

during long-term use, thus enhancing the stability of the catalyst.

R ESZE, ATF002E ERMREERT K, UNk=4_MHIBHARE-AEHEESHMHT=

MBI AR T RAMENFITE KAJEEAIIZPATRRICRE, FIbIEE T EEFINRE M,

[0017]

Attached Figure Description

MY I35t e
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[0018]

Figure 1is a scanning electron microscope (SEM) image of the three-dimensional

molybdenum disulfide nanoflower-graphene composite prepared in this invention.

E1RALBRRIEN = E_MUHEMRE-A2RESYREETFEMRER (SEM)

[0019]

Figure 2 is a high-resolution transmission electron microscope (HRTEM) image of the three-
dimensional molybdenum disulfide nanoflower-graphene composite prepared according to

the present invention.

ER2RALBARIE = MBMRE-AEHRE SIS IPEETETFEMRER (HRTEM) o

[0020]

Figure 3 shows the polarization curves of the electrochemical hydrogen evolution of the three-
dimensional molybdenum disulfide nanoflower-graphene composite prepared in this

invention in 0.5M sulfuric acid solution.
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B3R A A A% = 4 IR IRMRTE-ARHE SYTE0. SMRELA R B SRR E L

(Polarization curves) o

[0021]

Figure 4 shows the stability test curve of the three-dimensional molybdenum disulfide
nanoflower-graphene composite prepared in this invention in 0.5M sulfuric acid (Durability

test).

El4 B2 & PRSI &E = 4 IR IEPRTE- A 2 IGE SY7E0.5SMERER R RVIR E 1M Hh Lk

(Durability test) o

[0022]

Detailed Implementation

BxLiEn

[0023]

The technical solutions of the present invention will be further described below with
reference to the embodiments. These embodiments should not be construed as limiting the

technical solutions.

19-01-2026 - Page 13



TEESEREHN S LBAEE—D AR LRI RS R, XELEHITEERENZNRABR

73 ZRBIBR

[0024]

Example 1: This example describes the preparation of a three-dimensional molybdenum

disulfide nanoflower-graphene composite material, specifically including the following steps:

SEhefll: ASREfIRIE = E_RUIBARE-ARRESHME, BREEUTIR:

[0025]

(1) Add 10 mg of the prepared graphene oxide powder (GO) to a reagent bottle containing 10
mL of N,N-dimethylformamide and sonicate for half an hour to uniformly disperse the

graphene in N,N-dimethylformamide (DMF) to obtain a graphene oxide suspension:

(1) KF1omgELXRIBHFHNEUAEEHN=R (GO) MAZIZH10MLAIN,N ZRERERIAFIHRF,

BRI, BEBEYOHRENNREREE OMF) &, SIALERERTIR:

[0026]
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(2) Weigh 20 mg of thiomolybdate using an electronic balance and add it to the graphene

oxide suspension in step one.

(2) AEFXRFME0MgHiCEERRR, HMARTBE—FNaLaRHERFRP.

Dissolve it by sonication for 10 minutes;

HEE 107 EEARE;

[0027]

(3) Add the solution from step 2 to a 25 mL tetrafluoroethylene reaction vessel and react at

190 °C for 15 h;

(3) EFBE2PRARMAZ 25 mMLEEZEHRIRNZER, HE190°CTFRE15h;

[0028]

(4) Add the black product obtained in step 3 to ethanol, centrifuge and wash, repeat 5 times
for 8 min each time, at a speed of 8000 rpm/min, and vacuum dry at 60°C for 24 h to obtain a

three-dimensional molybdenum disulfide nanoflower-graphene composite material.
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(4) BEEIPRNRFENECFYMANIE, BOWE, BR8MInEE5R, ¥iEJ8000rpm

/min #1E60°CFETTIE24h, BEI=E_MAEBNKTE-ARHEESHE.

[0029]

Figure 1is a scanning electron microscope (SEM) image of the three-dimensional
molybdenum disulfide nanoflower-graphene composite prepared in this invention. It can be
seen from the figure that the three-dimensional molybdenum disulfide flowers are self-
assembled from ultrathin molybdenum disulfide nanosheets that are perpendicular to the
graphene substrate. It can be seen from Figure 1 that the lateral size of the molybdenum

disulfide nanosheets is 100-200 nm.

El1 A7 & BARIEH = E ZMRASEKE- A 2R ESYNRREFERNER (SEM) , MESREUE
HE=4" Tt EREENH EES TAEGREER LVEE T MHIAMK S BARM, MEL
B E] LAE B Zh A IRgh K A R~ K/ 9100-200nm,

Figure 2 is a high-resolution transmission electron microscope (HRTEM) image of the three-
dimensional molybdenum disulfide nanoflower-graphene composite prepared in this

invention.

E2 A& BAGIER = IR SEKE- AR ESYNS D ENEFERNER (HRTEM) o
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As can be seen from the figure, the molybdenum disulfide nanosheets have a relatively small

number of layers, with an interlayer spacing of 0.85 nm on the 002 surface.

MEFREUEE RSN RA BRDIIEEAER, H002E EAMEIEIEE)N0.85nm,
Molybdenum disulfide, as an electrocatalytic hydrogen evolution catalyst, has its catalytic

active center located at the edge of the 002 facet.

ZIRACBIE N —M BRI S RN, EEdEEROoiF002E ERAS.

This invention synthesizes a three-dimensional molybdenum disulfide nanoflower-graphene
composite material, in which molybdenum disulfide nanoflowers are vertically grown on
graphene. This not only provides more active centers that facilitate hydrogen ion contact, but

also reduces the electron transport resistance between layers on the 002 surface.

TRBBEBISER—M = IRAEPRE-ARHTEME, JET ZMUBERRKEEEERKTASE
B, MURETENTEBEFEMNESZESERD, MERRTBFE2E LESEZEE
b EE FH.

The formation of three-dimensional molybdenum disulfide nanoflowers creates a three-
dimensional network structure between ultrathin molybdenum disulfide sheets, enhancing

the stability of the catalyst.
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=T RCERPRIETC R, FEE AR 2B T = EMIREEIELR T EA TR E M.,
Furthermore, the enlarged interlayer spacing (0.85 nm) of the 002 facet not only facilitates the
aggregation of more hydrogen ions at the edge of the active center, but also effectively

reduces the impact of volume changes during catalyst use.

)l

SIMTARRI002EAYEEE (0.85nm) AMNEFESHNIEBFREDEERONLS, MABKH
PR T I AT AR AT T FME R B R,

This also improves the stability of the catalyst.

Fb RS T ELFIBIRE S,

[0030]

Example 2: In this example, a glassy carbon electrode was prepared using the three-
dimensional molybdenum disulfide nanoflower-graphene composite material prepared in
Example 1. Specifically, 3 mg of dried three-dimensional molybdenum disulfide nanoflower-
graphene composite material was added to 1.5 mL of a deionized water-ethanol mixture with
a volume ratio of (3:1), and 120 pL of a 5 wt% Nafion solution was added. After sonication for

half an hour, a suspension was obtained.
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SKhtEf2, ZSErEfR ARG 1RIEN =4 " MAIEAKE-ARGE SR EIRREBER, B
7. B3mgTFIREN=4"MAEAKRE-AERHESHMEIARLSmLARLEA 3: 1) NEBF
K—ZERERPR, HNMMA120uLBRERDEA5wWt%NafionART, BEFNNNESIEE R,
Then, 5 pL of the suspension was measured with a pipette and dropped onto the glassy
carbon electrode. After natural drying, a molybdenum disulfide-graphene modified glassy

carbon electrode was obtained.

ARRBRIEEMAFROULIIRFREAERRER L, BATREEE ZHRHE- 2K BN

A EB AR

[0031]

Example 3: The electrode prepared in Example 2 was applied to the electrochemical hydrogen

evolution process, specifically as follows:

SEHEI3: SRR 2HIE R BN AT RUEFRR, B!

[0032]

A three-electrode system was constructed using a glassy carbon electrode (GCE) modified

with a three-dimensional molybdenum disulfide nanoflower-graphene composite as the
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working electrode (WE), a saturated calomel electrode as the reference electrode (RE), and a

platinum wire as the counter electrode (CE), with 0.5M sulfuric acid as the electrolyte.

R=4% ML IRNKE-AREE SYMEIHRRVRRER (GCE) ATIIEBER (WE) . BMHEKRBERN
Stk (RE) « $AZzoxdeBik (CE) Am=Bik{AER, LL0.SMIRERBAER,
Before conducting electrochemical tests, saturated nitrogen gas is introduced to remove

oxygen from the solution.

ERTBEAFNLR, BNBEMNAS, BFRESRPHES

The electrodes were then calibrated using the formula: SCE = RHE + 0.267V.

H3F BRI 1T ETE SCE=RHE+0.267V,

Figure 3 shows the polarization curves of the three-dimensional molybdenum disulfide
nanoflower-graphene composite prepared for this invention. As can be seen from the figure,
when the overpotential is 250mV, the current density reaches 43mA/cm <sup> 2 </sup>,

which is converted to a mass current density of 304A/g.
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B3N AR LR IAGIEH =4 " MIRRRTE-AEEE SYIREIZ (Polarization curves) , ME
hE] AR H B AI8250mVEY, BRZEEIARRIT43mA/cm <sup>2 </sup>, MBRREERED
FE/9304A/g,

Figure 4 shows the stability test curve of the three-dimensional molybdenum disulfide
nanoflower-graphene composite prepared in this invention. As can be seen from the figure,

after 2000 cycles, the current density at an overpotential of 250mV hardly changes.

El4 77 & BRIE R =4 IR USSR - ARG E YRR E LMKtk (Durability test) , ME
R LAE B EF20000R /5, EESEAAN250mVEEREZE LI 2B E.

It exhibited high stability.

KIH T RSHIRE Mo

[0033]

The method of the present invention for preparing the three-dimensional molybdenum

disulfide-graphene composite is simple, highly reproducible, and easy to operate.

KRB EHEN=H_MAE-A2RESYRIEL EER, EEMS, AHEFEMR.
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As a novel electrochemical hydrogen evolution catalyst, it exhibits extremely high mass

current density and catalytic stability.

ER—TR BRI EAR SRR, RIMHTREHNRERREE, HILREM.

Compared to traditional molybdenum disulfide/graphene composites.

B F RN _MRLE/ AR EEEY,

Its bias potential is only 103mV.

HR& B AX103mVo
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