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Effect of Graphene Platelets and the Volume Fraction on
Electrical Conductivity of Cu/Graphene Composites
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Abstract : Cu is most commonly used as a matrix in composites for high electrical and thermal conductivity.
Recently, graphene has been researched to improve mechanical and electrical properties as reinforcing
materials of composites owing to its excellent physical characteristics. Therefore, the purpose of this study is
to evaluate the effects in electrical conductivity according to the shape, structure, and the volume fraction of
the graphene reinforcement for Cu/graphene composites. For the evaluation of the variation in electrical
conductivity according to the shape and the volume fraction of graphene platelets, RVE was analyzed for
models in the location and orientation of graphene which were randomly arranged or not. The change in
electrical conductivity of the volume fraction and aspect ratio of graphene platelets was evaluated by using
the ABAQUS program. Depending on the angle of graphene platelets, the electrical conductivity was the
highest at 0°. In addition, in a relatively high volume fraction model, the electrical conductivity decreased
quickly according to increase in the angle, and the variation was changed at angle 45° for the AR.
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Fig. 1 (a) Model of single graphene platelet with
AR = 10, V,

oriented at intervals of 15 degrees from 0 to

= 0.01 (b) graphene platelet

90 degree in XZ plane
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Fig. 2 The
graphene platelets at AR =

of 3D RVE model with
100, V, =0.01,
(a) randomly distributed and oriented (b)

example

randomly distributed and constant oriented in

Cu matrix
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Table 1 Number of elements & element type

Model Number of element Element
type
Single graphene 3,420~3,840
Randomly oriented | 363,067~657,325 | DC3D4E
Constant oriented | 385,827~570,774
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Fig. 3 The electrical conductivity of RVE model

from equation (2)
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Fig. 4 Electrical conductivity by angle of single

platelet model by volume fraction and aspect

ratio
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Table 2 Electrical conductivity by angle and aspect

ratio of the single platelet model

Unit: AR
5 10 20
(S/cm) |degree
0° 581,891 | 581,964 | 582,021
15° 581,860 | 581,935 | 581,978
30° 581,788 | 581,837 | 581,868
V=0.005 45° 581,577 | 581,598 | 581,588
60° 581,504 | 581,453 | 581,434
75 581,438 | 581,370 | 581,329
90° 581,411 | 581,336 | 581,287
0° 583,784 | 583,940 | 584,072
15° 583,733 | 583,873 | 583,989
30° 583,581 | 583,680 | 583,769
V,=0.01 45° 583,243 | 583,211 | 583,257
60° 583,018 | 582,929 | 582,869
75 582,884 | 582,748 | 582,,655
90° 582,832 | 582,68 | 582,578
0° 587,593 | 587,904 | 588,174
15° 587,486 | 587,766 | 588,031
30° 587,200 | 587,414 | 587,635
V=0.02 45° 586,588 | 586,717 | 586,576
60° 586,045 | 585,856 | 585,739
75 585,778 | 585,498 | 585,320
90° 585,676 | 585,360 | 585,157

3.2 RVE 22 3o Zo}

Fig. 5& o9 2388 Y-S A7 u
& 23 AR 52912 wix]3k RVE 2] A
IAEE &4 Aot @Y YA =P Ay
9} R7IAE AHEE] HAVHEZ] A H|F
A FFE v AHEEEE ¥ Vv, =
0.02014 F3no] e A7IHEEE AR = 100
d u] 588,396 S/cm, AR = 10¥ w] 588,087 S/cm,
V, = 001914 AR = 100 | 584,108 S/cm, AR

N

]

. 7I_/.\_|:|| . Iit_?_anl . ;’-I__jg

rar

= 10¢ w 583,874 S/cm, V, = 0.005°14 AR =
100 o] 582,065 S/cm, AR = 109 ©| 581,827
S/emE YEMGT BE YAVF A7 2e W
Fo R wjgEo] ] WEel FTHRIT =STE
ANAEET}L & A JeEIARL 9 <
A} mdo) Hls)] }o]rt AT

Fig. 62 Z12jA JAE FARE Wi WX
3 RVE 229 AFEE&H FHnd & 7]
AEEE 4% Aot @Y YA a3 o
AsiAl wigkE RVES] Aot o] AFEEo|
A7NAEE Al FEFes vt v, =
0.0059F V, =0.01914= H71H=E9] o]zt 2
PR =z St S8
Zte] FEg Aol Holx kANE 22 AR
& V, = 002 UolA AR = 1008 =] 589,034
S/leml.Z 7HF =al, AR = 10¥ u 586,851
S/eml & 71 GHA YEten, e AHEEH
FYnlE 71X dASHA wigE RVE 293 4|
wsle] FZPHlo] ME HA7V|HEES 2|7} AA
UEFSTE Table 3¢l 7+ Ao gk Hr|d=
Zo] & AAEA ER AT

o

590,000
589,000 +
588,000 +
587,000 +
‘= 586,000 +

585,000 +

584,000 1 AR 100

583,000 | - ARSD

Electrical conductivity (S/cm)

582,000 T e AR 20

581,000 1 e AR1O

580,000 + + +
0.005 0.01 0.02

volume fraction

Fig. 5 Electrical conductivity according to the
volume fraction and aspect ratio at randomly
distributed &

RVE model

constant oriented graphene
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Fig. 6 Electrical conductivity according to the
volume fraction and aspect ratio at randomly

distributed & oriented graphene RVE model

Table 3 Electrical conductivity according to V, and
AR at

oriented model (unit: S/cm)

randomly oriented and constant

Randomly orientated model

Ve
AR 0.005 0.01 0.02
10 581,676 584,034 586,851
20 582,098 583,674 587,576
50 581,978 583,942 588,930
100 581,917 584,224 589,034
Constant orientated model
10 581,827 583,374 588,087
20 581,922 584,242 588,113
50 582,032 583,945 588,206
100 582,065 584,108 588,396

Fig. 7& AR = 503} 10094, Fig. 8& AR = 10
7 2004 | YAE FALZ A F
g 2y WA 2 Yoz wjgdE =y
o AVIHEEE Hud JgZo|ty. Y YA
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Fig. 7 Comparison of the electrical conductivity

between randomly distributed & oriented

model at AR 100, 50
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