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Effects of Technological Parameters on Basic Properties of Copper Based
Composite Material with Large Particles of Graphite

ZHANG Mingjun, CHENG Wei, LIU Peisheng’, SONG Shuai, CHENG Yuyang, LI Xiangyu
(Key Laboratory of Beam Technology of Ministry of Education, Beijing Normal University, Beijing 100875, China)

Abstract Adding supersized graphite particles to improve the lubrication performance of copper has the
advantages of simple preparation and low process cost. Based on the development of copper based composites with
supergranular-sized graphite particles, the effects of process parameters on the basic properties of the composites
such as thermal conductivity, compression strength and friction coefficient were investigated. It was found that the
thermal conductivity of the compound was obviously higher than that of the compound with the same quality and
smaller size graphite raw material. The higher the graphite content and the smaller the particle size, the lower the
thermal conductivity of the copper/graphite composites. The results showed that the required non-proportional
compressive strength and compressive strength of the composite were significantly greater than those of graphite
feedstock with smaller particle sizes. Within the granularity range (120 to 1500 pm) and content range (5 wt%-~
15 wt%) of this work, the larger the size of graphite particles, the smaller the graphite content, the better the
mechanical strength of the composite. The results also show that the friction coefficient of the composite is basically
the same as that of the composite with the same quality and smaller size graphite raw material. When the graphite
content in this work is 10%wt with a particle size of 32 mesh (about 720 um), the friction properties are better.
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Tab. 1 Preparation process parameters of composite samples in

the present work
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Fig. 1 Example of the composite samples for thermal conduc-

tivity test. (a) vertical view, (b) side view
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Fig. 2 Example of the composite samples for compression test
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Fig. 3 The thermal conductivity of samples added graphite par-
ticle with different sizes. (A) 10 mesh, (B) 32 mesh,
(C) 100 mesh



o4 W KEH S il L

Z B0 R ORL AT S/ H B 5 RS A PR RE Y5 335

TR SERENE, T 32 F ORMURL A7 85 BEECAR B 1Y
DR BR R I R L, S 5 ™ MRy
R RN, UKL /IS, /A0 B A 25 G ST
T T AR AR, I R TR Y S T AL R S
SRR 22, R T, A TP RO S,
A A7 852 5 BRI BRSO R T R BT LA, 4
ANTUREAH LG R ABURE 23 XAk e 1 7 A B

SN o

22 ARAZESENHIE

4 KRR AT R A A CFRE R 32 HD
SR ARSI, D, B, E =ZHRESL I BELE T 240
[6] (40 1E 1000°C Be45 2.5 h) . YA B &
5% I E] 15% B, TR TR T 4527 W/(m'K).
. A BRIENUGS G, WE A RN, LR AR
T . BrLL, Y AR 2, Bk
2, i HoA 85 5 — 5 (10% ) B 2352 i £ b
BHBOE e s, el VR TR, X FILF R
BRI 2 0 SRR S AR S R R

79.84

N
[
T T

64.91

B 0
(=R -
T T T

34.57

D W
(=
T T

thermal conductivity/(W/(m-K))

,_
[=]
T

(=]

D B E
B4 R E AR T3, D 41-5%, B 41-10%, E 41
—15%
Fig. 4 The thermal conductivity of samples added graphite par-
ticle with different contents. Group D, 5%, Group B,
10%, Group E, 15%
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Fig. 5 Proof strength at non-proportional extension Rp0.2
(MPa) of copper/graphite composites with the sample
groups in Table 1
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Fig. 9 Proof strength at non-proportional extension (Rp0.2) and
compressive strength of composites with different
graphite contents. Group D, 5% graphite, Group B, 10%
graphite, Group E, 15% graphite
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Fig. 12 Average friction coefficient of composite materials
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BEEAR . X156 W 24 A B8 1 e 5 A I, i 3 1 S
FIT LA, D 248 5% A1 55 10 52 45 B i B8 488 22 5000 55 o
A4 A B E 15%, B AR 5 T8 I MIF
24, DT B R A T R

4.3 it

JZ IR G5 AR 0 A BB TR J2 8] A i 7 =2 ) A ek
B, 254 1555, R e Ee o re v i BE B Ve
PR R AS A Y A AR SO S I I3 ] A
I SRR S, A T T PR ) T ek, B A F
v PO JBE 4 R AR B R A1 E2 R Ay B8 X
AR RS 2R R A T e, (R 5 &
EMPEATE . EH T 22800, A Bk a S E
IR E A B RO A T RS . 1
AR T AR 0 &2 A R a b, X BE R BN 5, A1 58
URERLEE KNS A — N ERE . BEE A
BRI FILE AR O BB K, X AR I BRI R A
BIR B U RV b, 2 Bk AN 40l 32
H 1 10% B, BE4EPERE fefE:

13

5 #ig

() ARSI AR S T 25k, fils TaE
FRKIBORL A7 B A4 S A MR, T T LR E A
ARG R4 PR RE . PR A 28 [ B T S R SH o 3
IR BEIZVER, 80/ 6 B E S A B 12k RE R 2
A B IR KNS IR 56, A AR R K, & i
Fb, Al FARE B AR R BRI e, i E A
ARG 72750 P Ak o X T AR A A 10% B9 A
2, R 1500 pm 1R SRR B A7 58 JURE ] £ 1Y 4/
A1 25 A RE b, R R H ) 46 8 Rp0.2 AT



%4 M

SRERH S5 4 T 22 X IO A7 8/ 3 5 5 PR RE AR RE A 52 ) 339

JE 58 B2 B W0 K TR BE 43 51 2978 720 pm AT 120 pm
ARSIV B 1 88 UK i 4 19 265 11

Q) T T UG A MR B R . TINA
SRR IS, AR A AR B T R, /0 AR AR
v P PEE 462 22 0 Sl A K B IR AU, i LR R
e R PO . L T2 S450h, A 8k B Al
A 55 i R M I BEE R BUT A T I
M), A ARAS BEAIR 4 BE 482 R K, A SR AUURERLFE S/ NFI
Fr AN S — A E . e AR R 32
H RS A 85 5 B IYIS K, R GRS B R AL
B U B, Y0 SR N 10% I, BEEEYE
REf . TR0 B SRR 10% IHHEE A1 SORLEE (1) 4
K, B ARESD A B R BB S B “U” RSk, DL
sy E R 32 H Bl A EE AR R AORAIR

(3) W5 T il 2 T 2SO0 G il i 5 A0 g
AISEIR . 25 JE B, A 10% () 82 50RE R, SR A
10 H By KO ChiAR 1.5 mm 4545 ) B9 A7 S8 Js0kk,
524 AT R B I K FoR A 32 BT 100 HY
B INKELEE CRiEAR Y R 720 wm F1 120 pm 26 45) 94
BRORE, A EREURER /N, EEE S, AR R IR
TR SO A B A PLRES AN B
S A ST BB, 71T LM B /A A A T TR ) B
S R S AABH A HE K

2 £ X #t

[1] Lin XY, Liu R T, Xiong X, et al. Effects of graphite
granularity and pitch binder on properties of copper-
graphite brush[J]. The Chinese Journal of Nonferrous
Metals, 2017, 27(7): 1411-1418 (#k5 45, X 4n%k, A&
FH, A5 A SORLIE R T RG4S 00 B — 0 5 F R B R
fE AR [0]. T AT JE 22 4z, 2017, 27(7): 1411-
1418(in Chinese) )

[2] WeiHM, Zou J P, Gong Y R, et al. Effects of Ti,SnC on
the mechanical properties and tribological properties of
copper/graphite composites [J]. Ceramics International,
2022, https://doi.org/10.1016/ j.ceramint. 2022.08.250

[3] Huang D B, Li C S. Handbook of metallic materials[M].
Beijing: Chemical Industry Press, 2005 (F& &M, 224 M.
& AR M. BT fse Tk R, 2005 (in
Chinese) )

[4] Xu Y. Research on preparation and properties of
graphite/copper composites with high thermal conductivi-
ty candidate[D].
Technology, 2013 (158, = A B /40 2 & bR 1 ]

Huazhong University of Science and

[5]

l6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

# S AERERTSE [D]. PR A2, 2013 (in Chinese) )
Lee J, Kim Y I, Kim S, et al. Highly thermoconductive
copper-graphite flake composites controlled in the heat di-
rection by electroless plating and spark plasma
sintering[J]. Journal of Alloys and Compounds, 2022, 920:
165894

Liu B, Zhang D Q, Li X F, et al. Effect of graphite flakes
particle sizes on the microstructure and properties of
graphite flakes/copper composites[J]. Journal of Alloys
and Compounds, 2018, 766: 382—390

Wang Z M, Tang Z M, Xu L, et al. Thermal properties
and thermal cycling stability of graphite/copper compos-
ite fabricated by microwave sintering[J]. Journal of Mate-
rials Research and Technology, 2022, 20: 1352—1363

He D L, Fang H C, Li Y X, et al. Computational meso-
mechanical model and mechanical property of short car-
bon fiber reinforced copper matrix composites[J]. Materi-
als Science and Engineering of Powder Metallurgy, 2022,
27(04): 382-388 (falAIR, Jr4RH, ZEAE%, 45, JabkET
Y 1R A 52 5 DRI THIR 2 W ) 2E R T T 2 Pk g
Dl B R & MR R 5 TR, 2022, 27(04):
382-388(in Chinese))

Li W H, Wu S P, Cai X L, et al. Research progress on
structural design and properties of reinforced phase in
copper matrix composites[J]. Nonferrous Metals Engi-
neering, 2022, 12(07): 39-49 (FEIC, S/, 251 2,
S BTG ARG s AR S5 R BT S TERE RS Ot
[M. A4 )@ THE, 2022, 12(07): 39—-49(in Chinese) )

Li X H, Yan S J, Hong Q H, et al. Influence of grapheme
content on properties of Cu matrix composites[J]. Journal
of Materials Engineering, 2019, 47(1): 11-17 (Z=5 #%#,
AL, PR PR, BOVUFE, MR, A s SN i X i 5652
& R RE (9 2 (7). AR TR, 2019, 47(1): 11—
17(in Chinese) )

Lian W Q, Mai Y J, Wang J, et al. Fabrication of
graphene oxide-Ti;AlC, synergistically reinforced copper
matrix composites with enhanced tribological perfor-
mance[J]. Ceramics International, 2019, 45(15): 18592—
18598

Chu K, Wang F, Wang X H, et al. Interface design of
graphene/copper composites by matrix alloying with tita-
nium[J]. Materials & Design, 2018, 144: 290-303

Zhang G F, Zhou X F, Liu Z P, et al. Challenges and
strategies for graphene reinforced copper matrix compos-
ites[J]. Chinese Journal of Rare Metals, 2022, 46(7):
946-953 (TRAEK, JA B, IR, 55, 70 Ss A T o


https://doi.org/10.1016/ j.ceramint. 2022.08.250
https://doi.org/10.1016/j.jallcom.2022.165894
https://doi.org/10.1016/j.jallcom.2018.06.129
https://doi.org/10.1016/j.jallcom.2018.06.129
https://doi.org/10.1016/j.jmrt.2022.07.147
https://doi.org/10.1016/j.jmrt.2022.07.147
https://doi.org/10.1016/j.jmrt.2022.07.147
https://doi.org/10.3969/j.issn.2095-1744.2022.07.06
https://doi.org/10.3969/j.issn.2095-1744.2022.07.06
https://doi.org/10.3969/j.issn.2095-1744.2022.07.06
https://doi.org/10.3969/j.issn.2095-1744.2022.07.06
https://doi.org/10.11868/j.issn.1001-4381.2017.001545
https://doi.org/10.11868/j.issn.1001-4381.2017.001545
https://doi.org/10.11868/j.issn.1001-4381.2017.001545
https://doi.org/10.1016/j.ceramint.2019.06.082

340

Ho o= B

ST 5 I NI S

%44 3%

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

SRR PRI B H S (). 7oA 428, 2022, 46(7):
946—953(in Chinese) )

Lopez M, Corredor D, Camurri C, et al. Performance and
characterization of dispersion strengthened Cu-TiB, com-
posite for electrical use[J]. Materials Characterization,
2005, 55(4-5):252-262

Kang H. Microstructure and electrical conductivity of
high volume AL O;-reinforced copper matrix composites
produced by plasma spray[J]. Surface and Coatings Tech-
nology, 2005, 190(2-3): 448—452

Xiao P, Jiang X, Zhu J M, et al. Microstructures and prop-
erties of resin carbon-coated graphite/copper compo-
sites[J]. Rare Metal Materials and Engineering, 2019,
48(10): 3265-3274 (F{ MG, Z7F, RHEM, 45 WIRHK {2
BT /4 S G FORHA SR REDT ST (7], WA 4 R AR
5T, 2019, 48(10): 3265-3274(in Chinese) )

Liu T, Fang H C, Li ] W, et al. Microstructure and proper-
ties of pressure-sintered resin carbon-coated graphite/cop-
per composites[J]. The Chinese Journal of Nonferrous
Metals, 2019, 29(7): 1446-1456 (X1l W, Jroelif, 2= 4
5, 5. PSS B Bt (8 0 /40 S A Sk Bl el
ZUFNTERE [J]. P A @8R40, 2019, 29(7): 1446
1456(in Chinese) )

Qin X, Wang J, Lin G Y, et al. Microstructure, friction
and wear properties of copper-coated graphite/copper
composites[J]. Materials Reports, 2020, 34(Z1): 380-384
(FREE, EIR, ARG, 55, G240 £1 88/80 52 A M pHI 2141
I 56 S A0 PR RE (9] B4 BE 41, 2020, 34(Z1): 380
384(in Chinese) )

Liu B, Zhang D Q, Li X F, et al. The microstructures and
properties of graphite flake / copper composites with high
volume fractions of graphite flake[J]. New Carbon Mate-
rials, 2020, 35(1): 58-65

Sadhukhan P, Subbarao R. Study of mechanical and tribo-
logical properties of hybrid copper metal matrix compos-
ite reinforced with graphite and SiC[J]. Materials
Today:Proceedings, 2021, 39: 1801-1806

ZhuJ M, LiJ W, Liu T, et al. Differences in mechanical
behaviors and characteristics between natural graphite/
copper composites and carbon-coated graphite/copper
composites[J]. Materials Characterization, 2020, 162:
110195

Moustafa S F, El-Badry S A, Sanad A M, et al. Friction
and wear of copper—graphite composites made with Cu-
coated and uncoated graphite powders[J]. Wear, 2002,
253(7-8): 699-710

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Ghouse M, Ramachandran E G. Antifiction properties of
electrodeposited composites of graphite and molybdenum
disulfide with copper[J]. Metal Finishing, 1981, 60: 85—
89

Zhang X D, Cui Y T, Ma J, et al. Effect of coating con-
tent of copper coated graphite on property of self-lubricat-
ing materials[J]. Nonferrous Metals (Extractive Metallur-
gy), 2016, 1: 53-57 (ikIEFE, 1 =¥, B4, 5. A BN
it B A ARSI (7], A (B E QR R
#843), 2016, 1: 53-57(in Chinese))

XuE Z,Huang J X, Li Y C, et al. Graphite cluster/copper-
based powder metallurgy composite for pantograph slider
with well-behaved mechanical and wear performance[J].
Powder Technology, 2019, 344: 551-560

Zhang M J, Liu P S, Song S. Effects of preparation pa-
rameters on microstructure and density of copper based
composites with large particles of graphite[J]. The Chi-
nese Journal of Nonferrous Metals, 2022, 32(2): 406—415
SREAH, XUBRAE, R . i 48 T 22800 IR A 5
PR AR R SRR XS 5 BE R 2 (7). b AR
JB4R, 2022, 32(2): 406-415(in Chinese) )

Liu Q. Preparation and thermal properties of discontinu-
ous graphite/copper composites[D]. University of Sci-
ence and Technology Beijing, 2015 (X2 3F i £ 1 A&/
S A AR 5 BERERTSY [D]. JERtRHE R
2015(in Chinese) )

Zhou S, Xu J, Yang Q H, et al. Experiments and model-
ing of thermal conductivity of flake graphite/polymer
composites affected by adding carbon-based nano-
fillers[J]. Carbon, 2013, 57: 452—459

Xu'Y, Xue P J, Wei Q S, et al. Thermal properties of
graphite/copper composite prepared by hot-pressed sinter-
ing[J]. Hot Working Technology, 2013, 42(12): 111-114
(538, BEMG2S, BT hA, 5. IURLes il o A B/ E &
BB S BEFST (0], $n T- T2, 2013, 42(12):
111-114(in Chinese) )

Deng S S. Component design and properties of graphite-
copper (silver) composites[D]. Hefei University of Tech-
nology, 2007 (XB45111. A 38— (48 ) & & M Bt 53k
- 5PERENTST [D]. S AE Tk k2, 2007 (in Chinese) )
LuL, Zhu DY, Wang C L. Recent development of metal-
matrix/graphite solid self-lubricating materials[J]. Materi-
als Reports, 2007, 21(2): 38—42 (544, R —, AR
G )AL A AR A AR B TEER [7]. BORHTR,
2007, 21(2): 38—42(in Chinese))


https://doi.org/10.1016/j.matchar.2005.04.006
https://doi.org/10.1016/j.surfcoat.2004.02.002
https://doi.org/10.1016/j.surfcoat.2004.02.002
https://doi.org/10.1016/j.surfcoat.2004.02.002
https://doi.org/10.1016/S1872-5805(20)60475-9
https://doi.org/10.1016/S1872-5805(20)60475-9
https://doi.org/10.1016/S1872-5805(20)60475-9
https://doi.org/10.1016/j.matpr.2020.08.677
https://doi.org/10.1016/j.matpr.2020.08.677
https://doi.org/10.1016/j.matchar.2020.110195
https://doi.org/10.1016/S0043-1648(02)00038-8
https://doi.org/10.1016/j.powtec.2018.12.059
https://doi.org/10.1016/j.carbon.2013.02.018

	1 实验方法
	1.1 复合样品的制备
	1.2 性能的测试

	2 复合样品的热导率
	2.1 不同石墨粒度的影响
	2.2 不同石墨含量的影响

	3 复合样品的抗压强度
	3.1 不同石墨粒度的影响
	3.2 不同石墨含量的影响

	4 复合样品的摩擦系数
	4.1 不同石墨粒度的影响
	4.2 不同石墨含量的影响
	4.3 分析讨论

	5 结论
	参考文献

