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Carbon Nanotubes
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Graphene Superlatives

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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What'’s the Problem?

Directional

' Delamination

http://www.southampton.ac.uk/engineering/about/staff/rjw3.pagé
Partridge, Ik, Philosophy Transactions of the Royal Sociéty A, 2016.

https://en.wikipediaserg/wiki/Carbon_fibers
www.easycomposites.co.uk

OmmeI'Cial iI'l ConﬁdenCe http://imgur.com/gallery/domrd6P
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| Raw Materials

Mechanical Exfoliation
research

prototyping

Tung V. C. et al. Nat. Nana 20,

wwwnsnes - BOt
RF transistors

Molecular Assembly
Liquid Phase Exfoliation hanoelectronics

Price
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Composites Processing

Putz K.W. et al. Adv. Func. Mater. 2010.
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Zhao X. et al. Nat. Sci. Rep. 2013.
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Mechanical Reinforcement

Why Can Reinforce?
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Outperforming Diamond
Most Stretchable '
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Dip Coating |

Zhang. et al. ACS Appl. Mater. Int
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Thermal Conductivity J > Diamond at RT
\

Pure Epo -GFs Composites

.....

Thermal Conductivity (W/mK)

Balandin, UCLA

! P8 | A 1 Rigen 2 1 A 1 " 1. 40
0 e 4an ar 20 25

Heat Sinl( Yu et al, JPCC, 2007.
h /

Thermal Conductivity Enhancement (%)

Song et al. Adv. Mater. 2013.
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\, Se— Wicklein et al. Nat Nano, 2015.
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Functional Applications
Thermal Stability |

[ B longtidutinal

[ transverse

PP control PAN CF xGnP-1

Kalaitzidou et al. Carbon, 2007.
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Functional Applications

I L 1 I [ [
i 0.5 1.0 1.5 2.0 2.5
0.1 Filler volume fraction, ¢ (vol.%)

e Stankovich et al, Nature, 2006.
ommercial in Confidence innaE A ACS AN s
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Functional Applications

Energy Storage

Xu et al. ACS Nano 2010.

Novoselov et al, Nature, 2012.

Supercapacitors Based on Flexible Graphene/Polyaniline Nanofiber Composite Films

ommercial in Confidence
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Functional Applications
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Boland et al, ACS Nano, 2014
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Deformation cycles
Raju et al. Adv. Func. Mater., 2014
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Most Impermeable
Helium atom can’t squeeze

. 1.
d
oxidized pristine
\Q/ \ / H\o
{ M ; T .O.. an?® H \ H
0 N = __J \N/\
pristine oxidized

He Impermeability
H20 Permeability

leak rate (10 " mbarxL/s)

applied He pressure (mbar)
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Novoselov et al, Nature, 2012.
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Functional Applications

Coating

Water-proof!
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Price (£/kg)

Graphite Carbon Carbon Carbon Graphene Graphene
Black Fibre Nanotube Nanoplatelets Oxide
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_ Challenges __

Environmental Heath & Safety
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Graphene

Flew in

Farnborough 2016
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