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 CN120553696A

A method for preparing graphene composite materials based on cerium dioxide catalytic

modification.

BT _sHEAMER SR 2RE ST A

[0001]

Technical Field
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ARG

[n0001]

This invention belongs to the field of graphene preparation technology, specifically relating to
a method for preparing graphene composite materials based on cerium dioxide catalytic

modification.

FRPABRTASGHERATE, BRI RET _SUiENUERIEaRRE SMRING %,

[0003]

Background Technology

BRERA

[n0002]

In today's era of rapid technological development, graphene, with its unique two-dimensional
structure and outstanding physicochemical properties, such as ultra-high electron mobility,
excellent thermal conductivity and superior mechanical strength, has shown unparalleled
application potential in many cutting-edge fields such as electronics, energy storage, and

optoelectronics.
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TESRR CERENNN, ARKUERSN 450N SRR e, BSrEF IS
R, hENASRURNEHNWNEES, EEFF. Bk, TBEFFSREATERERIRL T XA

EEA I FRE 7o

[n0003]

Chemical vapor deposition (CVD) has become one of the most promising preparation

methods due to its ability to achieve large-area, high-quality graphene growth.

ESAIR (CVD) EEMERBEMAER. SREBAFHEKNNE, RANEFREFMSRIGE
FEZ—o

In the process of preparing graphene by chemical vapor deposition (CVD), copper has become
one of the most commonly used substrate materials due to its low carbon solubility and

excellent catalytic performance for the growth of monolayer graphene.

TEHFESHEAR (CVD) EHIEARFENIREP, FRRESREUANREEASFEERKNRIE
LitaE, RAREBIRERMEZ—,
Copper can not only effectively catalyze the decomposition of carbon sources, but also

promote the nucleation and growth of graphene through its surface properties.
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AN BETS B R ICR A%, X8

[aYay

i EREF A B IHERIAZIE K,

However, existing copper-based CVD processes still face many challenges: the uneven
distribution of active sites on the copper substrate surface leads to slow and uneven graphene
growth, numerous defects, unstable graphene quality, and low thermal conductivity and high
resistivity of graphene, making it difficult to meet the requirements of high-power electronic

devices.

7AT, MAEMETHERNCVDIZNERESZI . HERKEEEUR DB, SEAREHE
KEEBEAFYY, REKE, AEBRRETRE, BASHNTHRER, BEXRS, ELUBESHER

BT BB R,

[0006]

Summary of the Invention

REAAR

[n0004]

In view of the above-mentioned shortcomings of the existing technology, the purpose of this

invention is to provide a method for preparing graphene composite materials by cerium
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dioxide catalytic modification. This invention can effectively increase the number of uniformly
distributed active sites on the surface of copper substrate, increase the growth rate of
graphene, and ensure the uniformity of graphene growth. At the same time, it can also

improve the thermal conductivity of graphene and reduce resistivity.

HMMERAREEN LRFE, ALXBANENMETFREZSLmEEREaRREaMEngG
%, SRARANIRSHARKENIDHIERUANE, REAFHNERER, BRIEGEHK

ERIGYMY, FNEERESAEFRHNTHIERE, BFREREZR,

[n0005]

The technical solution of this invention is implemented as follows:

A RPAII AT R X KILAY:

[0009]

The method for preparing graphene composite materials based on cerium dioxide catalytic

modification specifically includes the following steps:

ETF SRS a2GREaMENGE, BREEUTSER:
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[0010]

S1: Pretreatment of the copper substrate;

S1: XMEAERHITINIE;

[0011]

S2: Add cerium dioxide nanoparticles and dispersant to deionized water, then ultrasonically

disperse them evenly to obtain a cerium dioxide suspension;

S2: R&EUHARFRUM D EFIMAEZB FKkF, AEBEDEYS, B Z&UHEFR;

[0012]

S3: Immerse the pretreated copper substrate from step S1 into a cerium dioxide suspension,
then lift the copper substrate to form a cerium dioxide coating on the surface of the copper

substrate, and then let it stand to dry for later use.

S3: B ESIHHAEENFERZN_SUHRFRT, ARRIFERUTHAERKREZA

aiiRE, BRETR, &/,
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[0013]

S4: Place the copper substrate with cerium dioxide coating on its surface from step S3 into the
reaction chamber, then evacuate it, and then heat it to 800~1060°C. At the same time,
introduce carbon source, hydrogen and protective gas into the reaction chamber and keep it
at this temperature for 10-30 min to obtain graphene composite material on the surface of the

copper substrate.

S4: FFBESIREAR _ANTFENHEERETRNEES, ARMEST, BARE
800~1060°C, RIFtARMNMEZERBANEIE. SRMFEPSE, RE10-30 min, MTITERERKRE

HIFERBESME.

[n0006]

Furthermore, in step S1 pretreatment, the copper substrate is first immersed in an acidic
solution for acid washing, then washed with deionized water and ethanol solution in

sequence, and finally dried in an oven at 60-80°C.

H—H, TPESITNIEN, SREEARENRIEARFERE, BRXBEEFANIEREK

7, RIEET60-80°CHEFERTIZENT],

[n0007]
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Furthermore, the concentration of cerium dioxide in the cerium dioxide suspension is 0.1-1

mol/L.

H—H, PR SRR F Za AHRE0.1-1 mol/L.

[n0008]

Furthermore, the dispersant is 0.2%-1% wt of polyvinylpyrrolidone.

I, 3EGT790.2%-1% wtBIER Mt PR AER .
The polyvinylpyrrolidone used here can effectively disperse cerium dioxide, and has good film-
forming and adhesive properties, few heteroatoms, and can decompose at high temperatures

to serve as a solid carbon source.

XEXBANRZ G IR EGEE RN — i, BEREMREMIEL, *RFLD, SR TADHEE

T ESIRR

[n0009]

Furthermore, in step S3, the thickness of the cerium dioxide coating is 50 nm to 500 pm.
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H—PH, TSP, ZHKTIFRENEE /50 nm~500pmo
Studies have shown that when the cerium dioxide coating is controlled within this thickness
range, cerium dioxide can fully contact the copper substrate, which is beneficial for the

growth of graphene.

MARBFE _ NIRRT RIEXTNEECEN, —aAmESHERT2EM, NmATFREEN

Ko

[n0010]

Further, in step S4, the carbon source is one or more of a solid carbon source and a gaseous
carbon source. The solid carbon source is one or more of polymethyl methacrylate,
polyvinylpyrrolidone, polyvinyl alcohol, polyethylene, hexamethylbenzene, biphenyl,
diphenylmethane, triphenylmethane, naphthalene, tetrahydronaphthalene, sugars, activated
carbon, amorphous carbon, and acetylene black. The gaseous carbon source is one or more of

methane, acetylene, ethylene, ethane, carbon monoxide, and carbon dioxide.

H—H, FESAF, BORANESHIENUSECRPH—MEZM, FRRESHRNERRERGER
s, RIGURE. BZKEE. BZ2E. NRER. BE. ZFXBk. =FBk. & WSk
&, MER. EMR. BEFMMIREFE—TRZM; FrdSEShEANRE. R k. Th.
— SR — AR B — R e Z A,
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[n0011]

Furthermore, when the carbon source is a gaseous carbon source, the flow rate ratio of the

carbon source, hydrogen, and protective gas is 8:1:20.

o, FridbR A SSHEGRET, R, SSMERIPSEBRRAEE798:1:20,

[n0012]

Furthermore, the protective gas is nitrogen or an inert gas.

H—IH, FrRRIPIEARSEEESE,

[n0013]

Furthermore, when the carbon source is a solid carbon source, the solid carbon source is
uniformly distributed on the surface of the copper substrate, and the thickness of the solid

carbon source is 50nm~500um.

H—H, FrdERNESEORET, FrRBESHIRIS D RERERKRE, BESHRNEEN

50nm~500pms,
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Studies have shown that the thickness of the solid carbon source should not be too thick or

too thin, otherwise it will not be conducive to the uniform growth of graphene.

MRRAESHENEERTREAENELCE, SUWAFFAESBENITEK,
In practical applications, spin coating is used to control the thickness of the solid carbon

source, or a thickness scraper is used to coat different thicknesses.

TESLPRR A Aled A B AR ESIRNEE 8E AR EIIRKE ST ENEE,

[n0014]

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

S5MAKAEL, SRBABNTERMR:

[0023]

1. The present invention forms a cerium dioxide coating on the surface of a copper substrate.

The unique crystal structure of cerium dioxide gives its surface abundant active sites.
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1. ARRAERERKETZA_SNHFE, —SUHRSHNRESHERREFEFENEMEN

&5

el

In the fluorite unit cell structure, cation defects are located in symmetrical cubic lattice sites,
and oxygen vacancy defects exist. These defect sites become the active centers of the

reaction.

TRARMENT, AR FREAUTFTEIRRIILARA, BFETEaETUMRE, XEREAIERN T RN
BEME AT

When a carbon source gas (such as methane) is introduced into the reaction system, methane
molecules can be adsorbed on these active sites. Cerium dioxide can promote the activation
of carbon-hydrogen bonds by providing additional active sites, making it easier for methane
to decompose and produce carbon atoms, thereby increasing the growth rate of graphene

and growing uniformly distributed graphene on the copper substrate surface.

SRS (Rk) BARNARG, BloFREBRMEXLEFEEMUR L, R @dRM
MR REHEIREVEN, ERIEEZIWTEMRT, MMERSERHNERER, &

WERTXEEKSIIIDHHNEERK,

[n0015]
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2. The graphene composite material obtained on the copper substrate surface in this
invention contains cerium dioxide. Cerium dioxide can promote the growth of graphene
during the graphene growth process. At the same time, the presence of cerium dioxide
nanoparticles is conducive to the heat transfer and diffusion within the composite material
structure, thereby improving the thermal conductivity. Graphene has high electrical
conductivity, and cerium dioxide can promote electron transport within the composite

material, thereby reducing the resistivity of the composite material.

2. FERAEFEREFASINASKRESMHRSE_SHH, “SUmEaSRERIERRERE
HAEHBER, RN _SUHPKRTRNEFEENTESMRRBEWRENZENT B, MMES
SHlteE; ARGEAERREN, “aedEaMHRSNEFEE, NMmERRESMRIE

FEFEER,

[n0016]

3. This invention prepares graphene composite materials on the surface of a copper substrate,
which has broad application prospects in the fields of cables, generators, motors, and
batteries, and provides strong technical support for the large-scale application of graphene in

high-tech industries.
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3. AAXAEFERAATSARKRESME, ETB%. KBV, B, BUFTREE ZHN

AR, NAEEKRESRE IR AIEN BRH T 88 HERAXH.

[0026]

Attached Figure Description

P35t e

[n0017]

Figure 1 - SEM images of the copper foil surface after pretreatment and after coating with

cerium dioxide in Example 1.

B 1-SEhe I 1T IR I A — | Wi fE SR SE R ERISEME,

[n0018]

Figure 2 - Optical microscope image of the graphene composite material on the surface of

copper foil after coating with cerium dioxide in Example 1.

E2-sKhEfI LR E — R iR IEREA 2K E SMHIIEF ERER,
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[n0019]

Figure 3 - XRD pattern of graphene composite material on copper foil surface after cerium

dioxide coating in Example 1.

E3-SLhieffl LA B _ S Wi EaREAEHE SMERIXRDE,

[n0020]

Figure 4 - Measurement of carbon yield and hydrogen production rate in Example 1 and

Comparative Example 1.

E4- B HEHILRIR E Bl BRI S S K,

[n0021]

Figure 5 - Measurement of thermal conductivity and resistivity of copper foil, graphene
composite material prepared in Example 1, and graphene material prepared in Comparative

Example 1.

ES-MERE. KhEfllFEHNaS2RE SMEMMN LA 1FISaRBME ARSI ERE,
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[0032]

Detailed Implementation

BALiER

[n0022]

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

accompanying drawings and specific embodiments.

T ELS S WEIMEELES NN A& RIEH—D 54058,

[n0023]

Example 1

SEhtEf) 1

[0035]

The method for preparing graphene composite materials based on cerium dioxide catalytic

modification specifically includes the following steps:
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BT SRS a2GEaMENG L, BEREEUTESE:

[0036]

(1) Pretreatment of copper foil with a thickness of about 0.1 mm: Immerse the copper foil in

6M HCl solution and clean for 10 minutes to remove oxides and impurities on the surface.

(1) MEELA70.1 mmBsRSEFHFI TR BHERNOMBYHCUS&RF, EX100%, LUERRE
ERNE IR,
The pickled copper foil was rinsed with deionized water for 10 minutes to remove residual
acid, and then immersed in an ethanol solution for 10 minutes to further remove organic

impurities.

RERERNRTEA AR FKERLIONT, UXRFERBNERRE, BRIEEINCESRPETLOND
™, H—DEEFRENRM,
Place the cleaned copper foil in a 60°C oven overnight to dry, ensuring the surface is

completely dry.

KA ENTEE Te0° CRMMHEITIEIR, HIREAETE TR,
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[n0024]

(2) Preparation of CeO<sub>2</sub> suspension: CeO<sub>2</sub> nanoparticles and 0.2%
wt of polyvinylpyrrolidone (PVP) were added to 100 ml of deionized water and sonicated for
10 minutes to uniformly disperse CeO<sub>2</sub> nanoparticles, resulting in a CeO<sub>2<

/sub> suspension with a concentration of 0.5 mol/L.

(2) CeO<sub>2</sub>&ZREVEIZ: FCeO<sub>2</sub>PKEHIF10.2% WtHIER Z IFH MR I
B (PVP) fOA100 mIEEFKAR, BELIELIODH, #FCeO<sub>2</sub>KMEIITNEL, F

ESRE90.5mol/LAJCeO<sub>2</sub>&Z Ko

[n0025]

(3) Immerse the pretreated copper foil completely in CeO<sub>2</sub> suspension, slowly lift
the copper foil to form a uniform CeO<sub>2</sub> coating (thickness of 300 nm) on its

surface, and then let it stand to dry.

(3) RKIMAEREHVHETERACeO<sub>2</sub>2F R+, RISRAME, FEHREMMIYA

B9CeO<sub>2</sub>3%E (EEH300nm) , AEFET/R.

[n0026]
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(4) Place the copper foil coated with CeO<sub>2</sub> into the chemical vapor deposition

(CVD) reaction chamber.

(4) ¥7REH CeO<sub>2</sub>FEMIAEBRNULFESMNIR (CVD) R,
Evacuate the chamber and clean it with high-purity argon (Ar) 2-3 times to ensure that there is

no residual gas in the chamber.

HMETSHARARS (Ar) BxRNE2-3R, BRRNERNTERS.

The reaction chamber was then heated to 1000°C at a heating rate of 10°C/min and kept at a
constant temperature of 1000°C. Hydrogen (H<sub>2</sub>) and methane (CH<sub>4</sub>)
were introduced and the flow rate was controlled at 500 sccm. The flow ratio of Ar:CH<sub>4<

/sub>:H<sub>2</sub>was 20:8:1.

BL10°C/min WALRIRER R MAEI0FAZE1000°C, RHF 1000°C 188, BAES (H<sub>2<
/sub>) 5Bz (CH<sub>4</sub>) , FHIRIERTES00 sccm, Ar: CH<sub>4</sub>: H<sub>2<
/sub>BYmELL7920: 8: 1,

The sample was grown at 1000°C for about 10 minutes, then the methane gas was turned off,
and the sample was cooled to room temperature at a natural cooling rate, thus obtaining a

graphene composite material on the surface of copper foil.
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£1000°CFEKIODHESR, KHARKSE, UBARMERERMEERINERR, MMETE

KEFRISAERESHMH,

[n0027]

Comparative Example 1

xFEEfHI1

[0041]

The method for preparing graphene materials on the surface of copper foil specifically

includes the following steps:

EIERENSASEMEING X, BERREUTSE:

[0042]

(1) Pretreatment of copper foil with a thickness of about 0.1 mm: Immerse the copper foil in

6M HCl solution and clean for 10 minutes to remove oxides and impurities on the surface.
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(1) MEELA70.1 mmAsRSEFHFI TR BHERNOMBYHCUS &R T, EFX100%, LUERE
ENE IR TR,
The pickled copper foil was rinsed with deionized water for 10 minutes to remove residual
acid, and then immersed in ethanol solution for 10 minutes to further remove organic

impurities.

REEENTEIORAEBEFKEERLONDH, UXRFAENERR, BB IANIEARPIFRI0N
, H—DEEFRENRM,
Place the cleaned copper foil in a 60°C oven overnight to dry, ensuring the surface is

completely dry.

KR tENTEE Te0° CRMMHETTIEIR, HIRTAETE TR,

[n0028]

(2) Place the pretreated copper foil into the chemical vapor deposition (CVD) reaction

chamber.

(2) FIMLBEBERIHBEBRANUFESAETRR (CVD) RN,
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Evacuate the chamber and clean it with high-purity argon (Ar) 2-3 times to ensure that there is

no residual gas in the chamber.

METHASARS (Ar) BRRMNE2-3X, BERREERATERS

Heating and gas introduction: The reaction chamber is heated to 1000°C at a heating rate of

10°C/min.

IFRFMREBEN . LA10°C/min BIFERER &k MEEINIFRZE1000°C,
Maintain a constant temperature of 1000°C, introduce hydrogen (H<sub>2</sub>) and
methane (CH<sub>4</sub>), control the flow rate at 500 sccm, and the flow ratio of Ar:

CH<sub>4</sub>:H<sub>2</sub> is 20:8:1.

)‘T

R#F 1000°C 18R, BAES (H<sub>2</sub>) 58z (CH<sub>4</sub>) , FHIRIRTES00
sccm, Ar: CH<sub>4</sub>: H<sub>2</sub>BJ;R=ZLtt7920: 8: 1.

The sample was grown at 1000°C for about 10 minutes, then the methane gas was turned off,
and the sample was cooled to room temperature at a natural cooling rate, thus obtaining a

graphene composite material on the surface of copper foil.
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FL1000°CTFERIODHASR, XARLESE, UBARMEREFmaERMEER, MMERHE

KERISAERESHH,

[n0029]

Example 2

SEhE {512

[0045]

This embodiment is the same as Embodiment 1, except that the CeO<sub>2</sub>
suspension concentration is 0.1mol/L and the thickness of the CeO<sub>2</sub> coating is 50

nm.

AELFEFIRISEHFIL, RRIZAETF, BEMHFIFCeO<sub>2</sub>FF &K AEH0.1mol/L, RE
#ICeO<sub>2</sub>%EMEE /350 nm,
This embodiment produces a uniformly distributed graphene composite material on the

surface of copper foil.

AEESTEREGSION T ERBE SR,
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[n0030]

Example 3

SEhEf3

[0047]

This embodiment is the same as Embodiment 1, except that the CeO<sub>2</sub>
suspension concentration is 1mol/L and the thickness of the CeO<sub>2</sub> coating is

100pm.

ALHEFIRISEHFIL, RRIZAETF, BEMEFIFCeO<sub>2</sub>FF &K KE1Imol/L, FER
CeO<sub>2</sub>&%EEE100um,
This embodiment produces a uniformly distributed graphene composite material on the

surface of copper foil.

RAELMESEREGFO N HAREBIHE SMFL

[n0031]
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1. SEM images of the copper foil surface after pretreatment and after coating with cerium
dioxide in Example 1. Figure 1(a) shows the surface morphology of the copper foil after

pretreatment.

1. KHEGNFAEENFRE_SHHEIERIENSEME, Bl (a) ATMAIEEFRERER .
It can be clearly seen that the surface of the pretreated copper foil is smooth and uniform,
with no obvious oxide residue or impurity deposits, indicating that surface contaminants have

been effectively removed.

AILUBMEE], SO ERNAREEEICERYY, THENAUWERERREITR, AR
MERRT RESHEY.

This provides an ideal support base for subsequent CeO<sub>2</sub> coating.

HELCeO<sub>2</sub>RERMH T BT 1E R,

Figure 1(b) shows the surface morphology of the copper foil after CeO<sub>2</sub> coating.
As can be seen in the figure, the CeO<sub>2</sub> coating forms a uniformly distributed
granular structure on the surface of the copper foil, with no obvious agglomeration or

uncovered areas.
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Ell (b) BT ARECeO<sub>2</sub>GRAEREA SR, EFRI, CeO<sub>2</sub>FETE
ERE N T —EHEIDEHNINREY, TREARNRIRBEX T,

This particle distribution effectively increases the number of surface active sites, providing
more sites for the adsorption and diffusion of carbon atoms during the subsequent CVD

process.

XERNFRI D MAIIGIN T REFEEUSNEE, NEECVDIEZFIREFRIRMAT St TES
AL o

By comparing the SEM images of the original copper foil and the copper foil coated with
cerium dioxide, it can be seen that the CeO<sub>2</sub> coating not only achieves uniform
distribution in terms of physical coverage, but also further optimizes the surface properties

through particle refinement, providing favorable conditions for subsequent graphene growth.

X LRI RSEN R E — | AR IRTAREMNSEMERAILIE R, CeO<sub>2</sub>R2ERXTE
YRIEBE LRM TSI NH, BEIFTRNAUHA-—TRALTREARE, NeSaRREKIRETSH

MM

[n0032]

2. Observe the growth of graphene on the surface of copper foil using an optical microscope
system, and analyze its morphological characteristics and growth quality.
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2. FIRXZEMRAZURAERAASHENEKER, HOoMEERIFEREKRE.

As shown in Figure 2, the copper foil substrate with added cerium dioxide catalytic
modification is uniformly covered with a layer of cerium dioxide graphene, indicating that
cerium dioxide catalytic modification effectively improves the uniformity and quality of

graphene.

MERFEILUES, MAZSLECEERIFBRERRENSBE T — B8 kiaslE, A
—RHE ST B RURA T AR BRI MR E,
To confirm whether the material was successfully synthesized, XRD tests were performed to

analyze the crystal structure.

AT HIANAEL BB RIS, #H1T 7 XRDMNK LA M SR A L5145,
As shown in Figure 3, there are obvious material peaks on the prepared catalyst, and cerium

dioxide has been successfully coated on the surface of copper foil.

SNEBFR, ERIERVENT EABRENMEILE, —SdFHiEMIFBEARE.
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In addition to the characteristic peaks of copper and cerium dioxide, the newly added peaks
correspond to the crystal structure characteristics of carbon materials, such as the (002)
crystal plane marked, indicating that carbon materials were successfully grown on Cu

/CeO<sub>2</sub>.

BT s — R smBVFELESh, FigRIER AR IR RIALSMAFE, fmERy (002) &@E, &

BARXINTECu/CeO<sub>2</sub>_ 4K H T it ¥l

[n0033]

3. The carbon yield and hydrogen production rate of Example 1 and Comparative Example 1
were measured. Figure 4(a) is a bar chart of carbon yield and Figure 4(b) is a graph of
hydrogen production rate over time. As can be seen from Figure 4(a), the carbon yield was
10.5 when pure copper was used as the substrate; while when the copper surface was coated

with cerium dioxide (Cu/CeO<sub>2</sub>), the carbon yield increased significantly to 40.4.

3. MELHEGIIFFLEGILIREERME[ER, B4 (a) AREETKE, B4 (b) RE|EF
RRERYEIREKE, HE4 (a) FIFD, AsAMFAERES, RUWEN10.5; MARRERE _ |
(Cu/CeO<sub>2</sub>) 5, HmUEKRIBIEFHZE4L0.4.

This indicates that cerium dioxide coating has a significant promoting effect on the

generation of carbon materials because cerium dioxide has unique catalytic properties, which

02-01-2026 - Page 28



can provide more active sites for the conversion of carbon sources, promote the adsorption,

deposition and recombination of carbon atoms, thereby improving carbon yield.

XREAZRWHIFB NN ERE EZREHER, RRAZSEATHERIRISHEWLIEEE, ft
BRARNEMREESER AR, (EEREFHRMN. TARMEL, MRS T HIEE,

As shown in Figure 4(b), the H<sub>2</sub> production rate is significantly higher when
copper and cerium dioxide (Cu + CeO<sub>2</sub>) work together than when copperisona
pure copper substrate. The regulation of oxygen content and active sites by cerium dioxide

creates a stable reaction atmosphere.

ME4 (b) BI%0, A5 =& ksh (Cu+ CeO<sub>2</sub>) HEERRF H<sub>2</sub>4 = =REH
ESTARER, —SiiassMENAamEE, SETRENRNFE,

A stable environment ensures that the H<sub>2</sub> formation reaction can proceed
continuously and stably, avoiding changes in the H<sub>2</sub> formation rate caused by

fluctuations in reaction conditions.

TRERVIMRIRIE T H<sub>2</sub>Epi e W REFRFEE. IREMIHETT, BRTRRNFH KNSR

H<sub>2</sub>4 L IRE T,
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[n0034]

4. The thermal conductivity and resistivity of copper foil, graphene composite material
prepared in Example 1 and graphene material prepared in Comparative Example 1 were
measured. The specific results are shown in Figure 5(a) and Figure 5(b), respectively. As can be
seen from Figure 5(a), the thermal conductivity was improved after carbon material was
directly generated on the copper substrate, indicating that the introduction of carbon

material improved the overall thermal conductivity of the material.

4, MEsAE. KufllERINASREESMERIXLEAIIFIEABIEMENRSRMEBMER, AfRE
Ro7WES (a) MES (b) Frm, HES (a) AL, EREREZEERBIEE, ASXEFIR
T+, BRI EING INERE T MR B RRIRUE S %8R,

The thermal conductivity of the cerium dioxide-catalyzed graphene copper foil composite
material (Cu/CeO<sub>2</sub>/C) is further improved. This is because the catalytic effect of
cerium dioxide optimizes the growth of graphene, and the cerium dioxide nanoparticles make
the internal structure of the composite material more conducive to heat transfer and

diffusion, thus enhancing the transmission efficiency.
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M-S NG ERFRESEEME (Cu/ CeO<sub>2</sub>/C) ASEXH TS, XA
“RASHTVEMIERM L TAEBIER, “HSURKTRIESE SMRRNIBENEERTARAEN
Ry &, 1R T F R,

As shown in Figure 5(b), under the same temperature conditions, the graphene copper foil
composite material catalyzed by cerium dioxide (Cu/CeO<sub>2</sub>/C) has the lowest
resistivity. Due to the high conductivity of graphene and the catalytic modification effect of
cerium dioxide, the electron transport inside the composite material is smoother, which

reduces the resistance of the material.

HES (b) AR, FHEREEBEEFHT, —SUHEMNARKBIEES#E (Cu/CeO<sub>2<
/sub>/C) BMERRR, ATASHNSSEIEUR_ALHIVELSIEER, FEEaMEREN

B EREMIR, FEETMEIE9ERR,

[n0035]

Finally, it should be noted that the above embodiments of the present invention are merely
examples for illustrating the present invention, and are not intended to limit the

implementation of the present invention.

RERBERANZE, N&REYDARSEHEFZENIRBEZ &R ERZEG], MAHIERI A &AL T

HIBRRE
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For those skilled in the field, other variations and modifications can be made based on the

above explanation.

X TR URBI BB R A A GIHKIR, £ LR BRRYE A L ] U A R ER NR Z A ZE R,

Itis impossible to exhaustively list all possible implementation methods here.

XBREMIENEL#mA TS A,
Any obvious variations or modifications derived from the technical solutions of this invention

are still within the scope of protection of this invention.

NE2BTARANKRALZFA5IRENEMSZ RNE TN T A& BBIRIFSEREZ 5
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