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Abstract: Conductive composite bipolar plate is made of composite materials filled with high content conductive filler. 

The conductivity of this bipolar plate is influenced by many factors. It is difficult to use a formula to accurately calculate 

its conductivity, and current models have certain defaults. In this paper, in view of the contact resistance, a model is estab-

lished and the conductivity formula has been educed. The conductivity formula reveals some factors that influence the 

conductivity, especially the particle size and pressure. Several ways to improve the conductivity of the composite material 

are discussed. 
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1. INTRODUCTION 

 Conductive composite bipolar plate is the mainstream 
development direction of bipolar plate. The composite mate-
rials consisting of conductive graphite filler and resins adhe-
sives can be produced into bipolar plates with flow field 
through compression moulding or injection moulding tech-
nology, which is high production efficiency and easy to be 
mass produced, and it is a significant decline in costs. Poly-
mer composite bipolar plate has the same performance of 
corrosion resistance as graphite bipolar.  

 Graphite polymer composite bipolar plates are made of 
composite materials filled with high content conductive 
filler. The high conductivity of bipolar plate demands for 
high content of graphite. But the mechanical performance 
will decrease if the content of graphite is much too high. So, 
the key problem of how to meet the requirement of conduc-
tivity of a composite bipolar plate with the addition of a 
small amount of conductive fillers is needed to be resolved. 
Theoretical analysis is necessary on the basis of the conduc-
tive mechanisms of the composite materials. There are many 
kinds of theories about the electric conductivity mechanism 
which is the result of the combination of those theories in 
general view. However, most of the theories are suit for 
composite materials filled with low content conductive filler. 
For those filled with high content, we argues that the mutual 
contact of the filler particles is the main contribution to the 
conductivity of composite materials, while the effect of the 
tunnel current on the conductivity is so little that it can be 
negligible.  

 The conductive of composite materials filled with high 
content conductive filler are affected by many factors, such 
as the content of the filler, shape, conductivity and particle 
distribution [1]. Therefore, it is difficult to accurately calcu-
late the conductivity by using a certain formula, and there are 
certain defaults about most of the existing models [2, 3].  
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There is no unified theory about the studying in this field. At 
present, though many interpolation formulas based on the 
model have been proposed to fit experimental data, no strict 
analytical solutions are available for calculation of conduc-
tivity in this case [4]. The most appropriate ones are very 
complicated, therefore, not convenient for practical use [5, 
6]. Some experiments show that the conductivity of compos-
ite bipolar plate increases with the increasing of conductive 
filler size [7-10]. But there is no reasonable explanation 
about this phenomenon. To study the effect of filler size, 
shape, mould pressuring on the conductivity of bipolar 
plates, a simplified model is established, and the theoretic 
analysis is given in this paper. 

2. E STABLISHING MO DEL AND EDUCING  
CALCULATION FORMULA 

 For the composite materials filled with high content of 
conductive filler, we assume that conductive filler particles 
are spheroid with the same size and pile up closed, polymer 
adhesive is filled in the voids of the conductive filler when 
the filler is mixed evenly. The contact between conductive 
filler particles forms conductive channels, which is the main 
reason for electric conductivity. The calculation formula of 
conductivity can be educed from the perspective of circuit. 
The conductive is inevitably affected by contact resistance as 
conductive filler particles contact in large quantity. Contact 
resistance is an important factor which must be considered in 
the calculation formula. 

2.1. Closed Pile Up Model 

 The sizes of bipolar plates are supposed to be marked 
with thickness La , width Lb and length Lc. The inner struc-
ture is described as follows: the number of conductive filler 
arranging along La, Lb and Lc is a, b, c respectively. And r 
represents the radius of spherical particle. The shape and the 
inner structure for conductive filler pileup of bipolar plates 
are shown in Fig. (1). 

 For the conductive filler along the plane Px,y direction, the 
number of spherical particle arranging along the direction x 
is marked with a, and the number of layers arranging along 
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the direction y is marked with b. Every adjacent spherical 
particle contacts with each other, as show in Fig. (2). 

Fig. (2). The arrangement drawing of spherical particle in plane Px,y
direction. 

 It is easy to obtain the following relations,  
 Thickness La = 2ar

width Lb = 3 br

 The number of layers piling up along the direction z is 
marked with c, and every layer follows the arrangement way 
as shown in Fig. (2).The distance between the layers is illus-
trated as Fig. (3). 
 According to the geometry relations, Lc can be calculated 
as follows. 

Length Lc = 2 2
3

cr  

2.2. Calculation Formula of Conductivity 

 Each spherical particle contacts with 12 others around, 
and the average number of contact points is 6, of which the 
contact resistance in 3 contact points can be regarded as par-
allel connection with spherical particle, while the other 3 can 
be regarded as connection in series with spherical particle. 
The circuit for a conductive monomer is shown in Fig. (4). 
 The resistance of a conductive monomer can be ex-
pressed as  

R' = 
11 1 1

3 c f mR R R
+ + + 3Rc

where Rc, Rf, and Rm are the resistance of contact, filler and 
polymer, respectively.  
 The effect of Rm can be ignored, for the relation Rm >> Rf

 In the circuit of the whole bipolar plate, conductive 
monomer arranging along the plane Py,z direction can be re-
garded as parallel connection which are then connected in 
series a times. 
 So the resistance of the whole bipolar plate can be ex-
pressed as 

Fig. (1).  The shape (a) and inner structure (b) of bipolar plates. 

Fig. (3).  The distance between the layers piling up along the direction z.
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R=

1
1 1

3
3 c f

a
Rc

bc R R
+ +           (1) 

 The spheroid resistance formula can be educed by inte-
gral, the drawing of integral for sphere resistance is shown in 
Fig. (5). 

 
 
 
 
 
 
 
 
 
Fig. (5). The drawing of integral for sphere resistance. 
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where 2h r r 2
=  

 When the contacting materials are the same, the contact 
resistance can be expressed as [11] 

Rc =
2

f             (3) 

 Where  is the radius of contact point, of which the mag-
nitude is determined by the surface deformation generated by 
mutual contacts.  

 According to Hertz elastic deformation formula, 

1
2 31

4
Fr

E

3 μ
=  

 Where F is the pressure on sphere, μ is the Poison’s ratio, 
E is the elastic module 

 According to the definition, it can be obtained that  

R = 
l

s
=

s

l
 =

b c L L

aL
,           (4) 

 Substituting Eq. (2, 3, 4) into Eq. (1), we can get 
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3. RESULT AND DISCUSSION 

 Concrete discussions as follows:  

(1) The effect of r on  
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 We can know that 
r

h
 is the increasing function of r 

 Analysis of Eq. (6) shows that  is the decreasing func-
tion of r 

(2). The effect of K on  

 It is not difficult to find that 
r

 is the increasing function 

of K, 
r

h
 is the decreasing function of K. Analysis of Eq. 

(6) shows that  is the increasing function of K 

 
 
 
 
 
 
 
 
 
 
Fig. (4). The circuit drawing for a conductive monomer. 
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 Therefore the conductivity increases with the decreasing 
of particle size, and the increasing of pressure. In order to 
increase the conductivity we must choose smaller particles in 
size. On the other hand, the smaller are easy to aggregate 
than the bigger. The density of the composite bipolar plate 
decreases with decreasing graphite size, and the porosity 
increases with decreasing in graphite size [7]. That is the 
evidence of aggregation behavior and existing voids in com-
posite material. In that case, conductive filler can not be 
mixed evenly with polymer adhesive, thus the composite 
material filled with small conductive particles exists more 
voids, while the redundant polymer cut off the contact of 
conductive particles. Some experiments reveals that the con-
ductivity decreases with the decreasing of filler particle size 
[7-10]. 

  So we must use appropriate disperse technologies to 
enable graphite particles evenly mixed with the polymer. 
Graphite particles piles up closely filled with polymer in the 
voids, in this case, polymer only play the role of cohesive 
action and not to hinder the formation of conductive path. So 
the conductivity is not affected by polymer, and is compared 
with the pure graphite bipolar plate. The polymer-filler inter-
action impacts on the conductivity of composite. Choosing 
the appropriate polymer adhesive can also improve the dis-
persing of filler. 
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