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Abstract 

Carbon nanotubes (CNTs) possess excellent intrinsic characteristics such as exceptionally high 

mechanical and conductive properties which make them the prime candidate to reinforce high-

performance composite structures. However, location and dispersion state of the CNTs have particular 

importance to achieve the mechanical and electrical enhancement of carbon-reinforced composites.  

Different approaches to incorporate CNTs were investigated such as CNTs thermoplastic veils, CNTs 

thermoplastic powder doped prepreg, and CNTs adhesives. Each approach required specific dispersion 

solution to develop a large experience in incorporation of CNTs in different resins (thermoplastics, 

thermosets, etc.) using improved innovative mixing process, CNT surface modification 

(functionalization) or by adding dispersing agents or compatibilizers. The dispersion quality for each 

scenario was characterized before composite manufacturing. It was shown that the damage tolerance 

and electrical conductivity for multifunctional carbon fiber reinforced polymer were improved 

compared to conventional composite.   

  

1. Introduction 

 

Since the first observation of CNTs in the early 1990s [1], huge improvements have been made in the 

understanding of this cutting-edge material. For a long time, carbon nanotubes were only categorized 

and used as “highly conductive fillers,” but nowadays this nanotechnology is starting to exhibit its true 

potential and proves that it can improve or even impart new properties to polymers (mechanical, 

chemical, or thermal properties). At the end, the composite will not only offer electrical conductivity 

but will also present better mechanical or chemical or heat resistance under operation, which will 

allow researchers and engineers to develop, create, and design breakthrough materials and 

unprecedented technologies. 

 

Nanocyl is one of the first companies established in Europe for the commercial supply of this family 

of novel material. From 2002, Nanocyl has built up its worldwide recognition by providing high-

quality products adapted to the customer’s needs. Its expertise in tuning the carbon nanotubes 

properties and morphologies to obtain the best out of their intrinsic potential has made Nanocyl one of 

the most recognized producers of specialty carbon nanotubes and of materials and technologies using 

carbon nanotubes. Moreover, these knowledge and expertise have led Nanocyl to exploit further the 

CNT advantages by preparing concentrates, dispersions, and semi-formulated products out of various 

material families (thermoplastics, thermosets, elastomers, silicones, liquids, etc.). 

 

Carbon fiber reinforced polymer is widely used in many applications such as aeronautic, wind 

turbines, vehicles and sport goods. Structural composites are subjected to fatigue loading which 

delamination is one of the most predominant and life-limiting failure mechanisms in composite 

structures. The growth of delamination is usually accompanied by a loss of composite stiffness which 

then quickly leads to final failure of the system. The method used to improve this property is the 
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modification of the matrix by adding a toughening agent. Thermoplastic and rubbers are well known 

by their power to tougher the epoxy system [2-6]. Another approaches to toughen structural composite 

suggested in this paper are thermoplastic veils interleave and powder thermoplastic treated prepreg. 

The role of thermoplastic veils /powder incorporated between plies is to increase fiber bridging and 

toughen the interface fiber resin [7]. Thanks to the combination of good electrical and mechanical 

characteristic of CNTs and toughness of thermoplastic it is expected that the both damage tolerance 

and electrical conductivity will be improved 

 

 2. Materials and experiments. 
 

2.1 Carbon Nanotubes 

 

Numerous different carbon nanotubes can be produced by playing with carbon sources, catalyst, 

process, and temperature. At Nanocyl, large volumes of thin MWCNT (NC 7000™) are produced by 

catalytic chemical vapor decomposition Fig.1. A primary interest of NC 7000 is low percolation 

threshold for electrical conductivity toward other conventional carbon-based fillers. Nanocyl is also 

leading pro-actively health, safety, and environment matter all long the life cycle of product containing 

MWCNT NC 7000. Interaction with several key players and participation to different European 

projects has led to numerous data collection and positioning on hazard, exposure, use phase, and end 

of life. As a consequence, registration dossiers under REACH have been filed and provide information 

on the safe uses of MWCNT. Further, NC 7000 functionalized with amino groups (NH2-NC 7000) 

were produced by a patented plasma process. The amino groups should improve the dispersion of the 

CNTs into the matrix leading to an increase of mechanical performances and a lower percolation 

threshold for electrical conductivity. 

 

 
 

Figure 1. Transmission electron microscopy of multiwalled carbon nanotube NC 7000™ 

 

2.2 Carbon Nanotube-Doped Thermoplastics 

 

Nanocyl’s expertise for the dispersion of CNTs in thermoplastics is used to produce high value 

masterbatches or compounds (PLASTICYL™ grades). Plasticyl products provide easy to use 

masterbatches containing CNT already pre-dispersed. In some cases, for equal surface resistivity, a 

reduction up to 25 % of CNTs loading could be achieved by using Plasticyl masterbatch. Figure 2 

shows in example of surface and volume resistivity for PEEK/CNT compound. PLASTICYL™ is 

available in a wide range of thermoplastic resins, including PC, PP, PA, PET, HDPE, POM, ABS, 

PEEK and others. The knowledge for the production of PLASTICYL™ was used for the production of 

compounds and concentrates for veils and powdering applications. 
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Figure 2. Percolation curve for Plasticyl™ PEEK1001 

2.2.1 Veils Application 

 

Thermoplastics with suitable compatibility regarding CFRC were selected. This selection was mainly 

based on the chemical nature of the thermoplastics. A second selection was based on the physical 

properties of the thermoplastics. In order to melt during the curing cycle and migrate in CFRC, melt 

temperature of thermoplastic should be between 110 and 135 °C. Also, the melt viscosity and MVR 

should be adapted to industrial veils process.  

The compounds were produced using industrial twin-screw extruder and suitable information was 

collected to conduct the cost/risk/benefit analysis. Evaluation of those CRFC doped with CNTs veils 

shows an increase of through thickness electrical conductivity Kz up to 18 S.m (baseline at 4 S.m). In 

terms of damage tolerance, about 30 % of compression after impact and 100 % increase of G1C are 

observed [9].  

 

2.2.1 Powdering Application 

 

For this application, thermoplastics with suitable compatibility regarding CFRC were selected. This 

selection was mainly based on the chemical nature of the thermoplastics. 

The CNT-doped thermoplastic was produced on a twin-screw extruder in pellet form followed by 

grinding with a lab scale grinder machine. The fine powder with mean size 100µm was deposited on 

top of the commercial prepreg. The CFRC based doped prepreg resin showed significant increase in 

damage tolerance as well as compression after impact by 50 % [8, 10]. 

 

3. Conclusion 

 

Two approaches have been proposed to improve damage tolerance and electrical conductivity of 

CFRP. The first approach is CNT-doped thermoplastic converted in veil film and then deposited 

between carbon fiber laminates. The second approach is CNT-doped thermoplastic converted in fine 

powder and then sprinkled over prepreg plies. The results from the both technologies are interesting in 

term of mechanicals and electrical properties. Further investigations are ongoing to validate the 

concept in aeronautic and automotive applications.  
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