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Introduction 

Buckyballs       Carbon Nanotubes     Graphite 
Geim. et al. Nature, 2007. 

Slice down to one atomic plane 

Commercial in Confidence 
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Thinnest imaginable material                      
Surface area  = Activated Carbon x5           
Very transparent                                          
Most impermeable material                         
        
Strongest material                   
Stiffest known material           
Most stretchable crystal           
 
Easily functionalised                
Processible                              
Record thermal conductivity    
Highest current density            

…. 
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Introduction 

Graphene Superlatives 



≥ 2 Components 

Separate 

Synergetical 

Wikipedia 

Introduction 
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Composites, 
50% 

Al/Al-Li, 20% 

Titanium, 15% 

Steel, 10% 

Others  
5% 

Introduction 

Only High-end ? 
Commercial in Confidence 



Introduction 

http://road.cc/content/buyers-guide/198242-ten-best-carbon-fibre-road-bikes-mudguards Commercial in Confidence 



 What’s the Problem? 

www.easycomposites.co.uk 
https://en.wikipedia.org/wiki/Carbon_fibers 

Directional 

http://imgur.com/gallery/d0mrd6P 

Delamination 

Partridge, Ik, Philosophy Transactions of the Royal Society A, 2016. 

http://www.southampton.ac.uk/engineering/about/staff/rjw3.page 
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Energy Storage 
19% 

Coating & 
Packaging & 

Paints 
12% 

Plastics & 
Composites 

17% 
Aerospace & 

Defence 
15% Automotive 

3% 

Sensors 
2% 

Healthcare 
3% 

Telecommu 2% 

Electronics 
27% 

Sales Graphene Composites 

Source: Future Markets 
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Raw 
Materials Applications 

Graphene Composites 
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Production by removing elements 
from a large starting material. 

Assembly of a nanostructure from 
smaller elements. 

Price 

Quality  
Mechanical Exfoliation 

research 
prototyping 

Liquid Phase Exfoliation 
coating, composites, energy, bio 

CVD 

electronics 
photonics 

coating 
bio 

Molecular Assembly 
nanoelectronics 

SiC 
electronics 
RF transistors 

Raw Materials 

Novoselov et al, Nature, 2012. 

Tung V. C. et al. Nat. Nano. 2009. 

http://powerlisting.wikia.com/wiki/Graphite_Manipulation 

Top-Down                          Bottom-Up 

Commercial in Confidence 



Raw 
Materials Applications 

Graphene Composites 

Commercial in Confidence 



Composites Processing 

Putz K.W. et al. Adv. Func. Mater. 2010. 

Solution Blending 

Vallés C. et al. 
Comp. Sci. Tech. 
2013. 

Melt Blending 

Zhao X. et al. Nat. Sci. Rep. 2013. 

In-situ Polymerization 

Commercial in Confidence 



Raw 
Materials Applications 

Graphene Composites 
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Graphene 
Composites 

Mechanical 

Thermal 

Electrical 

Barrier 

Coating 

Sensor 

Application Map 
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Graphene Surface Area Rigidity 

Outperforming Diamond 
Most Stretchable Crystal 

Activated Carbon  x 5 

Mechanical Reinforcement 

3 g 

Why Can Reinforce? 

Commercial in Confidence 



Mechanical Reinforcement 

Large Size 
Perfect Orientation 

Small Size 
No Orientation 

Small Size 
Perfect Orientation 

Stiffness 

Toughness 

Crack Opening 

Stress 

Guzman de Villoria R et al. Comp Sci Tech, 2016 Commercial in Confidence 



Mechanical Reinforcement 

Spray Coating Dip Coating CVD 
Zhang. et al. ACS Appl. Mater. Interfaces, 2012. 

Carbon Fibre/Graphene Multiscale Composites 
IFSS 

~ 50%  

Lubricant 

Dong Y, Journal of Physics D: Applied Physics, 2014 Commercial in Confidence 



Song et al. Adv. Mater. 2013. 

Thermal Conductivity > Diamond at RT 

Functional Applications  

CNT 

Balandin, Nat. Mater., 2010. Yu et al, JPCC, 2007. 

Balandin, UCLA 

Heat Sink 

Commercial in Confidence 



Functional Applications  

Thermal Stability 

Wicklein et al. Nat Nano, 2015. 

Fire-Retardant 

Kalaitzidou et al. Carbon, 2007. 

Commercial in Confidence 



Stankovich et al, Nature, 2006. 

Electrical Conductivity 

Functional Applications  

Volman et al, ACS AMI, 2013. Commercial in Confidence 



Novoselov et al, Nature, 2012. 

Energy Storage 

Supercapacitors Based on Flexible Graphene/Polyaniline Nanofiber Composite Films 

Xu et al. ACS Nano 2010. 

Functional Applications  

Commercial in Confidence 



Strain Sensor 

Functional Applications  

Boland et al, ACS Nano, 2014 

FET Sensor 
Feng et al Adv. Mater. 2013 

DNA Sequencing 
http://www.ks.uiuc. 
edu/Research/dbps/ 

Molecule/Ion 
http://www.gtp.or.kr/antp/new
_tech/view_all.jsp?no=151945 

Raju et al. Adv. Func. Mater., 2014 

Commercial in Confidence 



Nair R.R. et al. Science 2012; 335: 442 

Most Impermeable 
Helium atom can’t squeeze 

Barrier 

Functional Applications  

He   Impermeability 
H2O   Permeability 

Commercial in Confidence 



Functional Applications  

Barrier 

Joshi et al, Science, 2014 

Novoselov et al, Nature, 2012. 
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Raman et al, Carbon, 2012 

Su et al, Nat Comm, 2014 

Functional Applications  

Coating 

Water-proof! 

Commercial in Confidence 
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Carbon  
Black 

Carbon   
Fibre 

Carbon   
Nanotube 

Graphene  
Nanoplatelets 

Graphene  
Oxide 

Graphite 

http://powerlisting.wikia.com/wiki/Graphite_Manipulation 

Cost/Performance 

Commercial in Confidence 



Challenges 

Standardization 

Cost 
Environmental Heath & Safety 

Commercial in Confidence 



 

Boron Nitride 

AZO Materials 

Graphene 

Flew in  
Farnborough 2016  
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