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Fig. 1. Bulk electrical conductivity of carbon fiber fabric laminae 
 
two aims: one to enlarge the specific surface of fibers and the 
other one to control the electric conductivity of fabric layers 
such as using CNT filled epoxy as matrix to obtain a composite 
with higher electrical conductivity. 

The RE 4020 – DE 4020 epoxy system was used as matrix 
for the studied materials. During this study many powder fillers 
were used in order to emphasize their influence on physical 
properties. Based on the two treated fabrics laminae were 
formed with: epoxy matrix – (I); clay (5%) and talc (5%) and 
CNT (0,5%) filled epoxy - (II); clay (5%) and talc (5%) plus 
CNT (1%) and ferrite (5%) – (III); (II) plus ferrite (5%) – (IV); 
(II) plus ferrite (2%) and wolfram carbide (5%) – (V). All the 
powders were mechanically mixed and then dispersed into the 
right amount of A component of the epoxy system, the amount 
of B component was added and the fabrics were imbued with 
the pre-polymer mixture and placed between glass plates. 
 
3. MEASUREMENTS AND RESULTS 
 

For all the laminae and for fabrics bulk electrical conductivity 
was evaluated using measurement results for electric resistance. 
The measurements were performed using a 9216A Digital LCR 
meter from Protek; with recommended measurement cell. Each 
presented value is an average over, at least, 1000 values for 
electrical resistance measured through quality factor (Q – 500 of 
them) or dielectric loss (the other 500). In the presented curves 
(Fig.1 and Fig. 2) notations CC and KC for the respective fabric 
without any treatment; c for chemical treated fabric and t for full 
treated fabric were used. Also the dilatation behavior of laminae, 
matrix materials and fabrics was measured using TMA/SDTA 840 
from Mettler-Toledo and the results are shown in Table 1-2. 
 

 Matrix Carbon fibers fabric Mixed fibers fabric 
II 1.78E-04 3.78E-04 8.91E-05 
III 2.09E-04 1.57E-04 4.77E-04 
IV 1.42E-04 2.57E-04 1.60E-04 
V 1.39E-04 3.33E-04 3.33E-04 

Tab. 1. CTE of reinforced filled epoxy [mm/K] 
 

Treatment Carbon fibers fabric Mixed fibers fabric 
none -2.51E-04 -8.44E-04 

chemical 1.91E-04 1.37E-04 
rubber 2.85E-04 1.53E-04 

full 1.62E-04 1.06E-04 
Tab. 2. CTE of fabrics [mm/K] 
 
4. CONCLUSION 
 

The above described method for fabric treatment solves the 
stability during handling, the problem of interface between 
fibres and matrix but regarding the electrical conductivity – as 
may  be  noticed  form  the curves  above – the method does not  

Fig. 2. Bulk electrical conductivity of mixed fiber fabric laminae 
 
solve the problem. Generally, the lowest values correspond to 
the laminae formed with epoxy matrix (as expected taking into 
account the electrical insulator character of the polymer). The 
other materials show better values for the electrical 
conductivity both because of the fabric treatment and of the 
presence of fillers’ particles in matrix. Regarding the 
dimensional stability it may be noticed that it decreases for the 
reinforced filled epoxy laminae due to the matrix presence.   

In the case of mixed fibres fabric, during electrical 
resistance measurements, fluctuations of values were observed 
but they might be explained by the fact that the mentioned 
fabric acts, from the electrical point of view, as a network of 
capacitors during experimental procedure. The full treatment of 
this type of fabric leads to a better stability. In all the cases the 
electrical conductivity values for laminae are lower than the 
fabric’s ones because the total amount of filler’s is lower than 
the one required by the percolation theory.  

The final goal is to form layered materials with different 
fabrics as reinforcements and various fillers at various levels 
such as the best mechanical, thermal and electrical 
properties to be reached. Using such laminae, imbued with 
filled pre-polymer before layering, allows obtaining 
stratified materials with the same type of polymer bonds in 
all the material volume but with different properties in each 
layer or group of layers (when the same type of filled matrix 
is used to imbue more than on sheet of treated fabric). Such 
material could be used in energy applications (windy 
energy) both because of its low specific weight and high 
strength and wear resistance.  
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Electrical Conductivity - Bulk / Mixed Fiber Fabric
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