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The Effects on the Electric Property of Cu/Graphene Composites by Graphene

Platelets and Volume Fraction

Jun Seok Park

Department of Safety Engineering, Graduate School
Pukyong National University

Abstract

Cu/graphene composites are highly electrical conductivity materials widely
used in electric devices. In this paper, the effect of the structural variables of
graphene platelets on electrical conductivity in Cu/graphene composite materials
was evaluated by finite element analysis. Structural variables are considered
for the volume fraction, aspect ratio, platelet angle, and platelet structure. The
evaluations were performed in the 2 types of model, which one is a single
platelet model, another is RVE model. In the single platelet model, the larger
the volume fraction and the closer the angle is to 0°, the higher the electrical
conductivity was deducted. And the higher aspect ratio brought about the high
electrical conductivity. In the RVE model, graphene platelets are oriented
uniformly or randomly in the same direction. There was little correlation
between the aspect ratio and electrical conductivity in low volume fractions
0.005 and 0.01. However, the electrical conductivity of the randomly oriented
RVE model was high at volume fraction of 0.02 and the aspect ratio 50 and
100. This result show that the increase of volume fraction and aspect ratio
forms the conductive network which improves the electrical conductivity of the
material in the randomly oriented RVE model with high volume fraction and

aspect ratio.
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Table 1 Comparison of properties of copper and monolayer graphene

Type Copper Graphene
Electrical conductivity (S/cm) 5.8%10° 10°
Elastic modulus (GPa) 1.1x10° 10°
Tensile strength (MPa) 2.1x10° 1.3x10°
Thermal conductivity (W/m-K) 3.85%10 5.0x10°
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(a) Square array

O

Unit cell

(b) Hexagonal array

Fig. 1 A unit cell (a) square (b) hexagonal array.
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Fig. 2 RVE of randomly distributed particles.

_10_



Boundary Condition, ©]3} ‘PBC# gtt})& Fofste] HF

£ slgste] FAstetgth PBCE AA Txe AnRe

Fzel 2AFELY] 18 AF ALgHE el Fig. 3¢ e

Mehe AA o skt dRE wuEdA B &
Foe A8 9 & 9 A7 3 2R fx
2d AA0 g A sel g TR FHO

= = I~
w253 4 9l

_11_



Fig. 3 Periodic Boundary Condition.
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Fig. 4 A shape of the graphene platelet(aspect ratio : d/t).
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Fig. 5 Voltage direction and angle of particle.
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@0 (b) 45° (©)90°

Fig. 6 The __éngle of the __:;-:}':: i a AR = 20.

(a) V= 0.005 (b) V,=0.01 (¢) V;=0.02

Fig. 7 The volume fraction at the angle of the particle 60°, AR 20.
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Generate an elementary inclusion

F 3

¥

Apply a size transformation

¥

Apply a rotation,
according to the orientation definition of the inclusion phase

AR

¥

Apply a translation,
the translation is Random with uniform distribution if no clustering is defined

¥

Does the inclusion intersect?
(if interpenetration is not allowed)

¥ YES

Is the distance to already placed inclusions above the minimum distance?
Does the inclusion placed have a minimum relative volume?

NO

¥ YES

Is the required volume fraction reached?

¥ YES

STOP

Fig. 8 Algorithm of generation RVE.
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(a) Random oridented (b) Constant oridented

Fig. 9 Types of orientation of particles in RVE models.
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(c) AR = 50 " (d)AR =100

Fig. 10 The aspect ratio of random oriented model(V; = 0.02).
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Randomly oriented model

(a) V; = 0.005 (b) V; =0.01 (¢) Vs =0.02

Constantly oriented model

(d) V¢ = 0.005 (e) V; = 0.01 (H Vy =0.02

Fig. 11 The volume fraction(AR = 100).
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Model

e

Fig. 12 Overview of calculating electrical conductivity.
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Table 2 Electrical conductivity by angle and aspect ratio of the single
platelet model

Aspect ratio
Volume fraction | Degree (°) 5 10 20
Electrical conductivity (S/cm)
0 581,891 581,964 582,021
15 581,360 581,935 581,978
30 581,788 581,837 581,868
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
0.01 45 583,243 583,211 583,257
60 583,018 582,929 582,869
15 582,334 582,748 582,655
90 582,832 582,68 582,578
0 587,993 587,904 588,174
15 587,486 587,766 588,031
30 587,200 587,414 587,635
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
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Table 3 Electrical conductivity according to Vi and AR at constantly
oriented RVE model

Volume fraction Aspect Ratio Electrical conductivity (S/cm)
10 581,827
20 581,922
0.005
50 582,032
100 582,065
10 583,874
20 584,242
0.01
50 583,945
100 584,108
10 588,087
20 588,113
0.02
50 588,206
100 588,396
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Table 4 Electrical conductivity according to Vi and AR at randomly
oriented RVE model

Volume fraction Aspect Ratio Electrical conductivity (S/cm)
10 581,676
20 582,098
0.005
50 581,978
100 581,917
10 584,034
20 583,674
0.01
50 583,942
100 584,224
10 586,851
20 587,576
0.02
50 588,930
100 589,034
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