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Agenda 

Who is Hexcel? 

History of nanomaterial research in Hexcel 

Nanomaterials and their effects in advanced composites 
 Carbon nanomaterials 
 Inorganic and organic nanomaterials 

Nano hype 

Health and Safety 

Conclusions 
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Hexcel: Company Profile 

Technology leader in advanced composites 

Serving commercial aerospace, space & defense and industrial  

Net Sales 2012:  $1.58 Billion 

 5,000 employees worldwide 

 19 manufacturing sites (including JV in Malaysia) 

Headquarters in Stamford, CT, USA 

Listed on New York and Paris Stock Exchanges 
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Hexcel – Leader in Advanced Composites 
Carbon Fiber 
 A350 fuselage 
 F-35 wings 

Reinforcements 
 Aircraft radomes 
 Lamborghini roof 

Carbon Prepregs 
 A380 Central Wing 

Box 
 GE90 Fan blade 
 Eurofighter Tail 

Glass Prepregs 
 Wind blades 
 Wing-to-body 

fairings in aero 

Honeycomb 
 Helicopter blades 
 Aircraft flooring 
 Engine nacelle structures 
 Acousti-Cap®  

 Engineered Products 
 Structural Assemblies 
 HexMC® parts 
 Machined Core 
 HexTool® Tooling System 

 
Key properties 

Fatigue and corrosion resistant 
Light weight (density)  

 High Strength  (tensile) 
Stiffness (modulus) 

 

Broad Range of Composite Materials and Applications 



Nanomaterials in Hexcel 
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History of Nanomaterial Research at Hexcel 
 2000-2001 Initial nanomaterial research started 

 2002 Suppliers approach Hexcel with products and requests 
for collaboration 

 2004: 
 Good composite data starts to be obtained 
 Extensive research in several sections of Hexcel R&T 
 15+ NDAs in place with suppliers 
 First effects from CNFs on composite properties 

 2005 First customer evaluations take place of new products 
containing nanomaterials 

 2007 First products launched 

 2008 Nanomaterials become part of the formulators’ regular 
toolkit 
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Changes in Nanomaterial Evaluation at Hexcel 
 Evolution of additives, becoming more sophisticated 
 Suppliers have worked with Hexcel, leading to product evolution 
 Materials are available pre-dispersed in a wider range of base 

resins 
 More materials are functionalised for matrix interaction 

 Evaluation of matrices and composites has improved 

 Work with suppliers has changed 
 Initially, as supplier to customer 
 A phase of active collaboration 
 A sceptical phase after limited positive results 

 Hexcel now asks for evidence before evaluation 

 Suppliers now approach Hexcel’s customers directly! 
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Examples of Nanomaterials 

 Carbon 
 Nanofibres (CNFs) 
 Nanotubes (CNTs: SWNTs, MWNTs) 
 Graphite platelets/ graphene 

 Organic 
 Spherical particles 
 Copolymers 

 Inorganic 
 Clays  
 Silica  
 Silicon carbide 
 Alumina and other metal oxides 
 Polyhedral oligomeric silsesquioxane (POSS) 
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Carbon Materials – Key Properties 

Diameter Length Modulus Strength 

Carbon 
fibres 

~8000 nm continuous 230 – 725 GPa  2.5 – 5.5 
GPa  

CNFs ~100 nm 20-100 µ  100 – 1000 
GPa  

2.5 – 3.5 
GPa  

CNTs 1-100 nm up to mms  >1 TPa  63 GPa  

- SWNTs     ~ 1nm up to mms 0.32 – 1.47 
TPa  

10 – 52 GPa  

- MWNTs 2 – 100 nm tens of microns 0.27 – 0.95 
TPa 

11 – 63 GPa  

Graphene 1-10 nm 
(thick) 

1-20 microns 1 TPa 80 GPa 
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SEM of CNFs in Neat Resin 
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Effect of Graphite Platelets on Toughness 
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Effect of CNFs on Compression and Tg 

Trade offs in properties sometimes occur 
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Effect of CNTs on Surface Resistivity 

Also for CNFs 
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Main Conclusions from CNFs and CNTs 

 Effective dispersion of carbon nanomaterials is difficult 
 Strong tendency to form agglomerates 
 Quality of dispersion is key 
 Functionalisation is likely to be key 
 Several approaches to this have been taken 

 CNTs and CNFs can show effects in neat resin which are 
often lost in composite 

 The size of these effects is often bettered by other more 
cost effective additives 

Raw material cost is an issue, perhaps just in the short term 
 Costs will reduce as demand and scale increase 

Cost of materials is not out-weighed by achievable benefits 
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Organic and Inorganic Nanomaterials 

 A wide range of (in)organic nanomaterials have been 
evaluated, including nano clays, silica, alumina, silicon 
carbide, polymers and co-polymers 

 Dispersion tends to be easier 
 Most materials are more readily available and more cost 

effective 
 Positive effects have been found on the following 

properties: 
 Compression modulus 
 Toughness 
 Fatigue resistance 
 Surface abrasion and scratch resistance 
 Surface finish 

Clear benefits can be achieved from some materials,  
especially organic nanomaterials 
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SEM of Nanomaterial Particles in an Epoxy Matrix 



©2013 Hexcel 16 

Effect of Nanomaterial on Compression of RTM6 
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Effect of Nanomaterial on Neat Resin Mechanicals 
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Nano-hype  

Nanomaterials are the subject of extensive research, and 
publicity 

 This attracts extensive government, and other, funding 

Many claims are made for these materials 

Little objective repeatable data is available 

Their potential has sometimes been over-inflated 

Hexcel’s objectives for nanomaterial investigations are: 
 To retain an open mind 
 To seek clear repeatable data that shows a cost effective benefit from 

the nanomaterial 
 To utilise these benefits in product development as fast as possible 
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Health and safety remains an area of concern 
particularly for carbon nanomaterials. 

Hexcel avoids working with undispersed materials. 
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Main Conclusions from Hexcel’s Nanomaterials Work 

 Some materials work well 
 These have become part of the formulators’ tool kit 

 Some materials remain of unproven value because of 
lack of effect or because of cost compared with 
conventional materials  

 The effects of nanomaterials, particularly in the 
undispersed state, on health need to be monitored 

 Nanomaterials for composites need to lose their 
mystique 
 The hype needs to cease 

Nanomaterials have a role to play in advanced composites 
but they must be cost-effective 
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Disclaimer 

This document and all information contained herein is the sole property of 
HEXCEL CORPORATION. No intellectual property rights are granted by the 
delivery of this document or the disclosure of its content. 

This document shall not be reproduced or disclosed to a third party without the 
express written consent of HEXCEL. This document and its content shall not be 
used for any purpose other than that for which it is supplied. 

The statements made herein do not constitute an offer. They are based on the 
mentioned assumptions and are expressed in good faith. Where the supporting 
grounds for these statements are not shown, HEXCEL will be pleased to explain 
the basis thereof. 
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