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Abstract: Graphene reinforced copper matrix composites have become a research hotspot in copper matrix materials due
to their excellent properties from graphene and copper, having promising applications in the fields such as electronics, en-
ergy and machinery. This paper provides a comprehensive overview of its research status, with a focus on various prepara-
tion methods, such as powder metallurgy, in-situ growth, electrochemical deposition, molecular level mixing, accumula-
tive roll bonding and selective laser melting. The advantages and disadvantages of each method are analyzed, then, the
optimization schemes proposed for addressing issues are delved such as the poor interface bonding between graphene and
the copper substrate, the uneven dispersion of graphene and its tendency to agglomerate, the performance enhancement
mechanism of graphene as a reinforcement relative to copper matrix composite materials is also elaborated. Finally, the de-
velopment trends of graphene reinforced copper matrix composites in terms of process innovation, performance synergy op-
timization and expansion of application fields are prospected, aiming to provide references for their future in-depth research
and practical application.
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Fig. 1 Process flow diagram of preparing Gr/Cu composite materials by traditional powder metallurgy method 2
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Fig. 3 Schematic diagram of the preparation of IL-Gr/Cu composite foil by electrochemical deposition method! !/
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Table 1 Comparison of main preparation methods and properties for graphene reinforced copper matrix composites

Preparation Process Graphene dispersion Interface bonding
method complexity effect strength
Powder metallurgy[ %! Moderately low Moderately low Poor Weaker
In-situ growth[ 37 High High Excellent Excellent
Electrochemical deposition[m_“] Medium Moderately low Medium Great
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Preparation Process Graphene dispersion Interface bonding
method complexity effect strength
Molecular level mixing:‘m’%] High Moderately high Excellent Excellent
Accumulati 11
l(; Zz:;;z;}[j;’ _84;) Moderately high Medium Good Good
Selective laser . . . .
[49. 50] Extremely high Extremely high Medium Medium
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3 MEESHMBTAZRHENHAIHSR
HiEEEER

3.1 ABHSHM

Gr F)ZEurEse g, 5 MR, fEMEAR s
OMHL, RO IR, B ST N BLOR T LB ER B
R AR AR A B STk

HUARER 2 — Pl m ORGSR Gr /v B ik, B
08 3 o g AR R R ) G R R VB 4 A A BL B T s A R
W) Gr 3T, L RSEW/N, IEAEAS W7 1 B VR Rl 43
it Gr B8 o At He A e (R AR S 1 FE 23 IR Gr
ShFg SR, DT A 2 A A Rk AR R
Bl

e Ak TR g s B 0 A AR AR T HLMIR A
B R 75 AR VR A 0T b A i A AR RONE . HLBRR
AR R Gr 40Tk, B A i s g 4 = A 1
SYYIJ AR A Gr SRy FE MR A, FR i i R R 7R Ak
P51 Gr F 2 W, T LLEE A 45 i R AL
A1)

XA hR AT 3R P R R A, R fe A [
AHBRAE A O AR RIOR AT R, X LA IS B fige st [ )
R, ik, W98 &K S AR 8O A2 A
SEAEVRORE T S 7S SR AP Al A B TR OR, B S 2
CRVBAE, FAE BOMILARAIT 5 ol R s 0F — 25 il ik P SR A4, D
FAF U ST B S R Zhang 257" il SR A 2. T
i BREE AR T2, Hlas M BUhism sk 249 MPa 1
Gr/Cu EEME, AT T4 24%, 758, X Gr i
Fréa At B R B A B A A ko ik g ol v
H,S0, . KMnO, S MK, AI7E Gr BB AKREL, BRI
MAASLGE T AT, 1 om H R KM B 5 4 SR 1 AH
AR, MIEkE Gr 765 A i il 2 etk
3.2 REMLHERE

Gr fb2e RS, XELL 5 B4 SR Ak P P A k27
A, XFEAEE AR 3 o S B B RS
UM G, GG RS, S In kAW E.
SR AR T, AROR A AN B CR T RR A &

R Gr REAE T Fgs e e Ak,
3.2.1 KR eseik

FEARG A 48 38 5 1) B BEAR Th i N A 4 o R (W
TiH, WGP AR DiEcE S Gr Z IR IR R B
AR ETEMEEE. i3k, W Ewsmb ., fr
AR AL SR T 2 A AR R Re s GE RS S
T, AR METCE AT Gr A A A SN T R Ak 4 it
WEIZ, AR A AT

Zhang 29T & BLIE B Ti BN BE
GNPs/Cu B &M BHERE, SRIMPIK Ti S, B
T BON 3. 0% (40K Ti (525 AR RO RE JEE | Fr
JEE IR iR B e PR 7 R i R R B K R R T
128.2%, 199.6%, 125.9% £1 30. 6%, TEM & F (& 7a
FLTh) A s T AE AT AT B TiC R K H A A
B IREA T . SAED ATt — B4R R T GNPs R4S
W 7c), FIBHIAT TiC 585k 2 M E A [ 123]
TiC//[ 013 ] Cu FY & A7 B m) JC 2R (] 7d) ik s gf L
FIUESE, FEbessid B AL A T TiC A, 458 T GNPs
SR Z IR GRe S, e T AR R E AT

Wang % SR FHEREE AR RELE 64 T CuCr/Gr A
Wk, BOAHHER TR Gr Z A1) 2 Fh 52500
O T BLA5 A RAF AR - A (1] 8a F1 8b) 3 @ M & A
A A Y Cry C, AKISORE A B AL AT (] 8c) o 3K BBk
UKL G R T REAS AR . IRAh, AR AR AT
& Cr AR A s eI (K 8d) . MERE |, & 0.5%
(BEFHEEL) Cr B CuCr/Gr £ A LT %35 97.05 %IACS,
FEITAEAR (99.20 %IACS) , BEFEHETFZE 79. 53HV, AH#K
T4l (48. 3HV ) #2155 T2 64. 66%
3.2.2 B 2R @GR

Gr RIEBMi A5 it 8 b2 k%t Gr Rtk
froktt, sl S RTES | &REAy . &8
WA AR, LS Gr 5 1 ) 1 1T 45 5 BE T
T 5 A AR R R M R

Zhong % S R IR AL F R B8 Ni 4Kk 751 A
RGO H, 3K Ni-RGO 44K Jr, MRl 1 Ni-
RGO/Cu BAMEL, Z5REH, Ni-RGO/Cu &I



298 Hh AR %45 %

200nm

(200)cu

000

'

(121)1ic

[123]ric - [013]cu

B 7 FUEANE Y TiC B TEM B (a), TiC 2 BUEHISER S 19 TEM A (b), GNPs i SAED i (c), #FEMAH TiC 1

SAED &3 (d)
Fig. 7 SEM image of TiC formed at the interface (a), SEM image of TiC dispersed in the Cu matrix (b), SAED pattern of GNPs (c) ,

SAED pattern of Cu matrix and TiC (d) (52]

.

graphene

graphene

Net imtewsity

100 nm

B8 CuCr/Gr & MBI HRTEM B (a, b), FHIEFEW HRTEM BBR, 47 LA FFT fIT5H8E8E(c) , i3k Cr

BRI TEM 52508 M (PRI LR T HY 8 @SR LkA0 Cr 401 (4) 1)
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Fig. 11  Engineering stress-strain curves of Cu matrix composite materials (a) , hardness, relative density and electrical conductivity of pure cop-

per and Cu matrix composite materials (b) "

K5, 55 H 5200 3D-IGN 4545+ (18 12a) , H&H
BHRY Gr BI04 ) S PR 40 A, U2 O ) 07 1] HE S B
%, MAEAT I E A e, RIBRE K (& 12b) , #A
FLA BRIV 50% J5, 3D-IGN A3 f 4% 52 48 (1 12¢
12d) o ISR b RL B T D 2% S, DT A A5 B L
JEIE R R AR SoRL S5 K . TEM B8 - b el UL A G5 4L i BE o5

3 40 pm

(Bl 12e) o BEAAR NG AR HE T 3D-IGN Fl 2 [ 1) 5 %5
ARG, MR MNPEAREG~102)EF
0.34 nm BYJZAIHE (& 12f) . ShAESRIREE R, 7E 1000
28000 s ARG, 3D-IGN/Cu Y Zh A5 30 JiF 4T i
PEXIE T 45 RGO/ Cu MZEA, X AT FH =445 45
PRI | PR S AL s e ™

5nm

S _

B 12 fAJE 3D-IGN/Cu ZEMF (a, b) FIEEL 3D-ICN/Cu EEMH (¢, d)H Cu MhZIJ5E Gr FIZ5 1 SEM A, #A%L 3D-IGN/
Cu SLAPPER 3D-IGN 19 TEM JEA- (), HFE 3D-IGN/Cu S4Bl o 78 DB 9 1R 5 43 B TEM BT (1) 1)
Fig. 12 SEM images of graphene network after Cu etching in hot-pressed 3D-IGN/Cu composite materials (a, b) and hot-rolled 3D-IGN/

Cu composite materials (¢, d), TEM image of 3D-IGN in hot-rolled 3D-IGN/Cu composite materials (e), typical high-resolu-

tion TEM image of the interface region in the hot-pressed 3D-IGN/Cu composite materials (f) (s8]

£ BRI A ( graphene quantum dots, GQDs) (9] B
— PR RSF /N T 10 nm B ZERR 94 K bR, LG5 1y
JCH Gr )2, HH Gr P ek RN 7~ BRI

Li 85 R IR R A ] 45 1 A1 BRI B P B A
(A7 5845 (GQDs @ Gr) 4K B 5 1A, IFLL 19 (A BUY
O w5 R 2 A, @it SPs i1 GQh@ G/

CuEEME, 5B EH, GODs@ Gr/Cu E-&HEHER L
S A P R R ) e e, R R BUIRE 0.3 LU,
BEHRE N 2. 13%107° mm® - N"' e m™, Xy 2l 4 5 04 43 =2
—, JHREET 96.5 %IACS (3P, @ TEM Fil EDX
SHTFGE T GQDs@ Gr/Cu & & b4 4k B 5 T 451 (1 13a~
13¢), EDX 23 (& 13b), GQDs@ Gr FLim X 3 i B



%4l

FEOUREE A SR SR R R A S AR T BIR 301

Atomic ratio (%)
5§ 3 &

n
o

GQDs@Gr - 4

(]

Cu matrix

——Cu
—0C

Cu matrix

50 nm

0.06 0.7 0.08 0.09
Distance (um)

010 0.11

B 13 GQDs@ Gr/Cu E A B TEM BB H- (a) Fll EDX-ZE43 M7 (b) , GQDs@ Gr-Cu FLHi HRTEM F&H-(c) 1)
Fig. 13 TEM image (a) and EDX line scanning analysis (b) of GQDs@ Gr/Cu composite materials, HRTEM image of GQDs@ Gr-Cu interface(c) '’

B, JEEEH 10 nm, HRTEM M H (& 13¢) TR Mtk
6% AR SEAA 26 5 3k U B M SRR, X SR GQDs@ Gr Al
Cu Z A B A mas &1,
3.3 EMALEE

SRS, Hil#s Gr/Cu B A MR SCHEAE T 528 Gr
R RS A A A . BT R TR R R R, 5
O BB AR L B ORI RS R B B, SRR RE
PEFHRAZ L o FRARY A5 A e W BT A MR B
PIVE S L SYERE 8 Gr A0SR A 0O Ak 28 22 WLk
Bh, RS, BMES B, e REU
TR SRS, BRI AR . B, 0 o w5
SRR A — AL SR, @it T2 ek 45
Tk T E AL, JrRE TR K HE Gr 7E Cu SEE B K
Hh R I T

4 AEHEEELH

4.1 hZFiERE

Gr BT o G2 . 4 s fb . RS B AL N
Orowan 584k 4 FRHLEIEE T 2L 2 5 MG D122 RE . 7F
SERR gk A 3R DL A S A R o £
FRERIEOLT , X 4 AALGIdrT BelE Ve A, 2[R St At )
JIZEPERE T
4.1.1 st

2 R R — 0 sk 2 T R AR R ST R B A R
TR iR . 7E Gr/Cu B AMEH, 514311 Gr
AT DAA BT HL b SR S 4, 3 OO R HERR, DA 41 i
TP 8 fobr A4, (A4 B4 9 i br RS PR R
BN T RO AR A AT A A B 28 LB 38 ( Hall-
Petch X&), @JEAEHYIE IR (o,) 5 RS (d)
1Y R 1E1E Hall-Petch 242

1

o,=0,+Kd”> (1)
Kb, o, Aoy 3500 B Ak A5 B (MPa ) i EE )3 )

(MPa); K NEE/R-TA Z%0(MPa - um"” 8{ MPa - nm"?) ;
d R LT RS (pum 3K nm)

RN, S R, L A A AU HE BT
(NIRRT, MR BB, 7 B A, A
B R R T FEfOK 2 AR R (0. 1~ 100 wm) 1922
BIRAR AR RSN (ARG I, D0 AT RE fi 125 2=
IRAAT R, Chen %V BFFT R B, 0.5% (5 2 43 40)
Gr/Cu EAMBHANR AR 0 B, Cu A9 5 A FHE R
WA, BER AR INE] 0.29~0.3, Gr fhA—
BT KA, VAT Gr fb A H A A B 2 B
T hiskizs,

Fril g T EAFAE IG5 Gr ORI 5] B ™
i, A4 Gr X LAA S HAT AR R, 237 5 1 55 410
AraRAL AR, R AT REE AN R LR AETE, Sk, R
S or E3EE A, WEZLIEMEsim 3, A
Al R AL AN
4.1.2 BEArtEid R

BRATAL B BOCRAKH T Gr 58 35 U4k 8] 9 5L 1hI 245 5 5ik
JEEE Mg RS2 Ty, e 3 o A B U 0
MIEART] Gr A3, SRR 2= DR, JRAL G S T2,
B A B RRE 7 v (T Ni ARk T . LA
YR b PR S A A R, AT AR T R e A
AR, Yuan SRS — R R EMIGE T Gr-Cu 7
T PR P AL S RS AT R s, F ST R
AT AE Gr-Cu FHIE B 2 7, R At s &
SREE, (G MRIEHRR A 3. 29 2T+ % 4. 67 GPa,
A L b R AL ML 2 A MR R B sRAL LR, W
ARERL B BE 4R T 0 TR L Tk 30% DL B, B IR
Shear-Lag BV AT H T4 38 Gr/Cu & & 8} v 48 4 4% 3
SRk

nl L 2)
2 d
L, Aoy, Moo, 53050 R B A4 58 Ak 5 1S 1Y J Ao 2

Ao, =



302 Hh L b A

545 &

345 (MPa) FIIEAAR ) J IG5 B (MPa) 5 V, 3 a8 AH R 1
SEL(TCEEN) 5 | F d 4300 R 3 8 A T2 (8800 K
(pom B nm ) AP (B0 JESE (um B nm)
4.1.3 K EIRA

PURELRIL 2R T Gr SR MIEIK R xR
KFHEW'®, FET Gr PR M 10° K, i
IS 250200 2. 4x107° K™, TEE A b kL 4 ak 4
TR, HTFXFARIKERBRN 2SS, 6 SHHEEk
Z RIS A R AT AS , S B Gr JE BEIJE v 2 B8 1) o7
X IORBHAS S 22 F5 12 8l , AT PT 2 55 &2 5 A RHI 5
B, $RORECTTERAY IR R XS & Ao, P (3) FIK
(4)FoR,

Ao, =aGh ./p, (3)
AAaATV, A
P ha(1=v,) (4)

Kb, Aoy, AR HC TTHR Y JE IR 98 S 5 (MPa) 5 G N
FARBTUIBIEE (MPa) 5 o SSRAE R AL, HAH B T4
LK ORI AF (TR 5 b SRR P AL R IR
WAL (nm) 5 p, SEHKECGIARNEE R (m ™) ; A2
JUT A, SHERADER A A A (LEN) ; Aa F
AT 5 U ik R 50025 (K1) ANl AR R IX R (K) , Y,
SEHESRAR AR B (TEREAN) 5 d SRR SRA -2 (8320
FAR (um 5 nm) .

Ait, FEESHRERR 1 A T 28] RE SRR B BRI R
Beom Al fan, — 2o fl A T 28] Re AR RHE i 55 it
FErp = AR B NRIC BN 77, B8 7 1 4 ok 7 rh e AT AR ik
AbFRAEAF IR IO )75 BRI, IR 4 Fh e e o AL S8R it
ZNTE N
4.1.4 Orowan &1L

Orowan FRfL" ™ ZHEHE Cr/Cu HAME, Mk 2Z
FSNIVERINS, T Gr BA ok BE A R A A Ae e
PEEEHEL) 3RS Gr )2, MIRERSEH Gr, TR
W, XA SR HLRIEE I T A IE SR Ty, AT
= T MRHIEREE . Orowan SRS SRR BT i Ao,
GigiEus Orowan-Ashby /L\\ﬁﬁ“ﬁw] :

Aoy, = 0.4MGb iln d (5)

" nJ/I=v A b
K, G ARG VIR (MPa); M HEHHEF(LE
)5 b AEARP A A TR AL (nm) 5 v A HEAIHR
FE(TERAN) 5 A Fl d J3 53] 2 75 3 ik AR 22 (] ~F- 34 1o Ji) B
(nm) FIHEIRARF-24 (BRAEH0) HAR (m B nm) ,

Ar Gr opitE2s, PIR™HE, Robim KT h 5k
e, A T Re B A AR (Anead I R AR SR ) | itk
B Orowan SRACROCRAR S H BEAAFAE, Y dvkbi 4 ks Ak |

A (5 R AL SRR T R, B Gr A H S
FARLEA R, nTREAIE R Orowan SRILAY TTMR

4.2 SHEMSHIEEE

4.2.1 Fubkgk

Gr MGG SR, #7BE S50 43 HO B 47
Fumgh Ao, HEA WA SR, RER T IBERR
TYEZERE AT Ay R AR i TR T R 4
(IR, R B4 ST 45 A 0 BE U 2D i RIS . B AR A T vl
B, JEFSCEE S AR SRR LT, Yu % T
Pk op e PIAE R £ T Gr/Cu E4A4, 180 CF, Gr/Cu
A AR SR LA S T 3.8 %IACS,

4.2.2 FHMEHE

Gr HA W i AR P %8 (29 5300 W -m ™' -K™') |
FER A MR BB IS IE R 2 TR T SR, Gr =
TR A, MO T S, P AR 2
S PEG AL S TR, WE R ARG SRR, W
I, $ETF Gr 54 22 8] A4 L1 4 4 i s, I f Ak A i Ak
AR E , RS E SRS IERE R OCHE . Zhao
LR A SR i A T 2R Gr/Cu EA MR, it
TERE AN ] Gr o)A, TN 1355 5 0 7 R A K
JO7, DT S AL T 1 75 Pl A5 4, (R B AR R B
440.60 W -m ™K™' 15 SIERRL,

4.3 BESSHHhEMRLEE

£ Gr/Cu EEMEHA RS, FH/ LS J)# M hk
2156 RIETF Gr 51 AT /75 1A% i i 42 1 BELAG 5
HRARI )R B N AE P T, R A S A5k
O AT R e S R

A2 SRR T A ) 3R R A K = T Gr,
St EL T AT A ARRL . THBRFLBREEG , Wb
FAE A LA . Jiang % i A AR S TURLL ALEC
EIELHIE T Gr/Cu J2IRE B M KL, Z A RHTRLR A
I 30% H o i T B 2l B A, AN 179 $2 T+ 2 223 MPa,
B SR 98. 02 323 101. 52 %IACS,

FL A 2 ORI T3 RS A TR S B Gr A2
SR RS E G, B RECE BARERE ) A,
AT HF SO, Sun 25700 SR kot B OB L D &
) Gr/Cu B A THIELE 0. 08 g - L7 Myfedd: Gr ¥R, Hifip
Jat R BE 75 360 MPa, FLAR%R 94.2 %IACS, HJET 40
HA95 (219 MPa, 92.1 %IACS) .

Gr Rkt (A& @b st sUEhetk™) At ik
Gr 554 SR RN 25 G AR B, AR S P FH S AR
Yang 2507 DLAES5 B T-Ab 35 19 17 2845 (oxygen plasma trea-
ted graphene, OPTG) HILJE, RA#HGE A HFTmA: K
Ni gk ik, FES5ME A, #&T Ni-OPTG/Cu Z & #f



55 43

FORAE A SRR SR AR B A S AR ST IR 303

B, AU 0. 19 (i 7340 Ni-OPTG Ll 52 45 44 1Y 4
SREFN216.2 W em™ K™ BIYIIREE N 56.3 MPa, kg
S5 SRR T 105. 3% 1 87. 3%, Sun %571 SR H
1-EE TR (PBA) 50U T B4 AL B2 (TBA) XF Gr 17 H fig
fb&HE, 3%] PBA-TBA/Gr E5W); MifGH xR A9l
ST AR T, FEE LA 0.21 mm FRLEE
JITAR R 3 BORUR AL TR 5 RS TE Ar AU R #EATHA
AEFEIFELES T4, 173 PBA-TBA/Gr/Cu EELHM, %K
BEMBURIREE K 254 MPa, F:HLFK 105.3 %IACS,
FOLTEA 5 AR BER G/ Cu BB,

5 AEKILEAEESHRENA

5.1 EEMAR

Gr/Cu B A MR A i 5 S HORMR 5 09 47 L 3R
R AR 0 Tl T Mk U 2
Pk, PIERRE R G R R T M . Ding 4517 i 4
2 SRR A 19 Gr/Cu 524 90 L 5 8 e 4l 4 9 42
T 7.83%,
5.2 TR

Gr/Cu & & M B3 B & ok 5 6 5 0 mf 5
BB 0 TR A B A A LA 1 1
I 00 v T T S N R R AR A 1 i
Ffiw, WO S AR TURIE S Gr/Cu B
SEER AN 2.09%x 107 mm® - N e m™ | H 4l 4 R
T 68.6%,
5.3 g marR

Gr/Cu EAMBHEA RAFHY b pe, & H T4
e T A Ry e vl | S BRORTR  : FE EESR 3 1 4
FRAOE CHNRP R IR T SRR AR TR S ), AT AR ok A2
T4V, Zhao 557 SR ML 2E SARUIRBUAZE 4 Janus
FEXFFRAB R A T A5 4 ] T P 7 2 IR AR R R 5 AR R
200 °CF 1000 h ASg i
5.4 FIHH

Gr/Cu BAMEHHA R RS M TR I Rk
JERRAE LT B RS A A MRHRE B R
i, PREEIR R RREE T W, LU A £ 2 Ak
FEIRRESR LRI | Bl R Ak 2= 2 VR H
5.5 MEfEREE

Zhu %5 VBER B Gr/Cu B4 IS 22V 13 A A5 B 3%
ST T ri 2 2 1T 0 SR 0 15 65 g A e s % g AR TR
PR, PSR IR, SCEE TR 0. 29% 8 /N AR Y
R, ELA 5 R 5 110% 1 28 K M3 . Gr 54T
B S5 B RGBT T A% B 0 Tk P PR R SRR 1k

=3
B
<3
B

SHI, A SR 9 A A S R B AT 5T 2 U AR AR
i S L EEE ST Bu ek -y i G G N TR S ey i D
Lo il & T 20005 P 2 75 2 £ 880 70 Hl S 4 g
SR LA B A S 5 A SE A 0 S T 25 5 TR ROk A
K SR AR R A S PRI S i) B AT G TE LR J7 1]

(D) LT AR T T PR RE, LA 2
AT RS . LA R PV AR
AE 2SR o AU 1 BT 5K

(2) RSB B i 4 T2, T K ST ) v A
Wk, DIREAR A I HE sl UL A 7=

(3) IRABFFE A I &5 5 e tE SR8, B WA 2
o5 SR ] g B AR AL, DR THAD R 2 S PERE S
) ST

(4) A RHEB CSU B T, N TR RE, &
TR A REIRIS A, s ] BR TSR A T

SEHE  References

[1] ALMANSOUR A, SACKSTEDER D, GORETSKI A J, et al. Tntema-
tional Journal of Applied Ceramic Technology[J], 2023, 20(2) ; 917~
937.

[2] 1IZ, ZHANG Y, ZHANG Z B, et al. Nature Communications[J ],
2022, 13(1); 5581.

[3] CANTURK S B, KOVACIK J. Energies[J], 2022, 15(14) ; 5227.

[4] CAO J M, YANG Q C, ZHOU L G, et al. Carbon[]J], 2023,
212 118157.

[5] HUANG Z, LIZ, LIU M, et al. Journal of Materials Engineering and
Performance[ ], 2024, 34(13) ; 12891-12900

[6] MANE P J, SHANTHARAJA M, MANNE B, et al. JOM[J], 2023,
75(10) ; 4421-4434.

[7] ZHOU Y, CHEN D B, DUAN L C, et al. Journal of Laser Applica-
tions[ J], 2020, 32(1) . 012006.

[8] JEYAPRAKASH N, KUMAR M S, YANG C H, et al. Journal of Al-
loys and Compounds[ J ], 2023, 930; 167425.

[9] LIJ, YANG Z F, HUANG X F, et al. Applied Surface Science[]J],
2022, 585. 152717.

[10] XUWH, HUD, XUZY, et al. Wear[J], 2023, 534/535: 205159.

[11] CHEN H X, DANESHVAR F, TU Q, et al. ACS Applied Materials &
Tnterfaces[ J], 2022, 14(50) ; 56253-56267

[12] YA B, XU Y, MENG L G, et al. Materials[J], 2022, 15(18) : 6488.

[13] NOVOSELOV K S, GEIM A K, MOROZOV S V, et al. Science[J],
2004, 306(5696) : 666-669.

[14] GUO M, YUAN H, NI K, et al. Advanced Science[J], 2024, 12
(7): 2410088.

[15] QING F, GUO X, HOU Y, et al. Small[ J], 2024, 21(28) : 2310678.

[16] FEBLT. AARHYRAE AR SIPERER ST D]. KIb:



304 T E AR 545 %
PRIRAE, 2023. [37] SHUS, LI Y, YAN Z, et al. ACS Applied Nano Materials[ J], 2024,
LU R Y. Microstructure and Properties of Graphene Reinforced Copper 7(8) : 8685-8691.
Based Composites[ D]. Changsha: Central South University, 2023. [38] JIANG B, LIU C, DAI B, et al. Journal of Materials Research and
[17] thftdn. BoRiG 4 Bob sl S 5E 2 G b RHR & ORI ST Technology[ J], 2024, 31: 1991-2002.
[D]. PAZREE: M/REE TR, 2022, [39] DAL D, WU M, SHU S, et al. Diamond and Related Materials[J],
YANG D K. Research on Preparation Technology of Powder Metallurgy 2020, 104. 107765.
and Deformation Strengthened Graphene Cu Matrix Composites [ D ]. [40] YU J, WANG L, GUAN Y, et al. Materials Characterization [ J ],
Harbin; Harbin Institute of Technology, 2022. 2024, 207, 113552.
[18] KANG K J, YU B, DENG G Y, et al. Ceramics International [ J ], [41] XU P, LUW, ZHU Q, et al. Journal of Materials Research and Tech-
2023, 49(18) : 30008-30018. nology[ J], 2025, 35: 5563-5576.
[19] PANC C, GAUR AP S, LYNN M, et al. AIP Advances[J], 2022, [42] SAHOO P J, DAS A, DAS S, et al. ChemistrySelect[J], 2025, 10
12(1): 015310. (13) : €202405666.
[20] WU JY, LIN H, MOSS D J, et al. Nature Reviews Chemistry[J], [43] LIU W, ZHAO X, LI H, et al. Metals[J], 2025, 15(10) . 1117.
2023, 7(3): 162-183. [44] ZHAO Y, ZHANG Y, WANG W, et al. Journal of Alloys and Com-
[21] ARCOS D. International Journal of Molecular Sciences[J], 2023, 24 pounds[ J], 2024, 1002 175207.
(10) : 9026-9029. [45] WANG W, CUI R, ZHANG S, et al. Surface and Coatings Technology
[22] NASERI J, RANJBAR K, REIHANIAN M. Materials Chemistry and [J], 2024, 479. 130486.
Physics[J], 2023, 300 127524. [46] SHI Z, YUN Q, ZHANG T, et al. Materials [ J], 2024, 17
[23] DAHIYA M, KHANNA V, BANSAL S A. Carbon Letters[J], 2023, (11): 2519.
33(6) : 1601-1613. [47] CHEN F, MEI Q S, LI J Y, et al. Composites Part B: Engineering
[24] FEIEEE. BHE-TEre B h & A S i S S MR D ). [J], 2021, 216: 108850.
IR . IR Tl R2%, 2023. [48] YANG Y, LIANG Y, HE G, et al. Materials Science & Engineering:
YAN Z Y. Research on the Preparation of Graphene Reinforced Copper A[J], 2022, 847 143349.
Matrix Composites by Extrusion-Rotational Forging[ D]. Harbin: Har- [49] LIANG C, ZHANG W, FAN Y, e al. Small [J], 2025, 21
bin Institute of Technology, 2023. (19) : 2408943.
[25] MARF, HEY, LIU L, et al. Vacuum[J], 2023, 211 111964. [50] ZHANG L, SHENG H, DONG P, et al. Carbon [J], 2025,
[26] SING H K, KHANNA V, CHAUDHARY V, et al. Journal of Materi- 240, 120365.
als Research and Technology[ J], 2024, 31, 1258—-1269. [51] ZHANG D, DING M, XU Y, et al. Russian Journal of Physical Chem-
[27] YUY, FENG S, LIU Y, et al. Journal of Materials Engineering and istry B[J], 2023, 17(2) : 489-4%4.
Performance[ J ], 2024, 34(9) : 7773-7785. [52] ZHANG X, YANG M, YIN C, et al. Journal of Materials Research
[28] ZHANG Z, LU X, XU J, et al. Acta Metallurgica Sinica ( English and Technology[J ], 2024, 28 2612-2623.
Letters) [ J], 2020, 33. 903-912. [53] YANG Z, ZHANG M, JIANG L, et al. Diamond and Related Materi-
[29] PENG Q, TAN X, VENKATARAMAN M, et al. Scientific Reports als[J], 2024, 141 110664.
[J7, 2022, 12(1) ; 21159. [54] WANG J, ZUO T, RU Y, et al. Materials Letters [ J], 2024,
[30] MX3H. BRAKAE,/ A1 SRR S AR 2 S A S VRITERERIT Y 362; 136164.
[D]. K¥b. Hmke, 2022. [55] ZHONG M, DUAN S, WU X, et al. Wear[J], 2024, 550. 205385.
ZHAO Q. Research on the Fabrication, Structural and Properties of [56] ZHAO P, ZHAO Q, JIANG H, et al. Materials Characterization[J],
Carbon Nanotubes/Graphene Reinforced Cu Matrix Composite [ D ]. 2024, 210, 113835.
Changsha: Central South University, 2022. [57] DONG L L, FUY Q, LIU Y, et al. Carbon[J], 2021, 173; 41-53.
[31] YANG X, CHENG X, CHEN Y, et al. Carbon Letters[J], 2024, 34 [58] LI B, LIN D, ZHANG X, et al. Composites Part A Applied Science
(5): 1317-1327. and Manufacturing[ J], 2024, 176. 107856.
[32] SINGH G, PANDEY P M. Materials Letters[J], 2019, 257. 126712. [59] LIZH, ZHANG SY, LIU L, et al. Rare Metals[J], 2025, 44(4):
[33] LIT, WANG Y, YANG M, et al. Materials Science & Engineering: A 2672-2681.
[J7, 2021, 826. 141983. [60] YU J, WANG L, SHAO B, et al. Journal of Alloys and Compounds
[34] CAKIR D, CAYLAN O R, GURPINAR E, et al. Functional Compos- [J], 2024, 988. 174142.
ites and Structures[ J ], 2024, 6(3) : 03LTO1. [61] CHEN C, BAI H, BAO H, et al. Journal of Alloys and Compounds
[35] SHU S, YUAN Q, DAL W, et al. Materials & Design[J], 2021, 203: [J], 2023, 963: 171293.
109586. [62] YUAN H, BAO H, ZHAO Q, et al. Surfaces and Interfaces[J],

[36]

LIUY, YAOY, WU Y, et al. Carbon[]J], 2025, 238 120275.

2025, 58: 105866.



55 4 1 FtOWAE A7 SRR IR I S AR ST R 305
[63] YOO S C, LEE J, HONG S H. Composites Part B; Engineering[J ], [72] SUN B, CHENG H, SONG K, et al. Composites Communications[J],
2019, 176. 107235. 2025, 60; 102649.
[64] GHAZANLOU S I, EGHBALI B, PETROV R. Materials Science &  [73] DING Y, LIU Z, ZHOU D, et al. Carbon[J], 2024, 230; 119640.
Engineering: A[J], 2021, 807: 140877. [74] ZHAN K, WANG W Z, LI F J, et al. Materials Science & Engineer-
[65] ZHU X, XUE I, ZUOT, et al. Journal of Materials Science : Materials ing: A[J], 2023, 872. 144995,
in Electronics[J], 2025, 36(10) : 1-8. [75] ZHULY, YIMZ, GE Y C, et al. ACS OmegalJ], 2022, 7(32):
[66] YU I, WANG L, GUAN Y, et al. Composites Part A: Applied Sci- 28217-28225.
ence and Manufacturing] J ], 2024, 185: 108345. [76] XU Y, ZHOU P, CHEN Q, et al. Tribology International[ J], 2024,
[67] ZEip, e, WA, % WASEMEHSIRT], 2026, 199: 110041
55(3) : 636-654. [77] WU, Bk, MR, SF HMETARLD], 2023(4) : 78-84.
LI H Z, JIANG H ], PAN ] B, et al. Rare Metal Materials and Engi- DAL D, YANG K, YE C, e al. Copper Engineering[J], 2023(4)
neering[ J ], 2026, 55(3) : 636-654. 78-84.
[68] ZHAO T, LIU B, WANG Y, et al. Advanced Electronic Materials  [78] ZHAO M, ZHANG Z, SHI W, et al. Nature Communications[J],
[J], 2025, 11(16) ; €00133. 2023, 14(1) ; 7447.
[69] JIANG B, LIU C, DAI B, et al. Journal of Materials Research and  [79] HU B, YUAN H, CHEN G. Polymers[J], 2024, 16(13) : 1872.
Technology[ 17, 2024, 31 1991-2002. [80] WANG J X, MAO Y, MILJKOVIC N. Advanced Science[]], 2024,
[70] SUNY, LI'Y, ZHANG J, et al. Chemical Engineering Journal[J], 11(38) : 2402190.
2005, 525 170660. [81] ZHU W, ZHANG C, LIN I, et al. ACS Applied Nano Materials[ ] ],
[71] YANG G, FANG Q, ZHANG Q, et al. Journal of Alloys and Com- 2023, 7(1) ; 358-369.

pounds[ J], 2025, 1028 180696.



