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Coleman Group: Making things from nano materials

Including 
composites



Historically: Mixing Graphene into plastics

Polymer stabilised 
graphene

J Mater Chem 22, 1278 3

To improve properties



Reinforcement with large 
flakes?
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More recently: electromechanical properties 
Graphene-rubber composite Strain-Sensors

ACS Nano, 8, 8819
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2 cm

Putty (polysilicone)

10vol% graphene
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Electrical and 
mechanical 
properties both 
linked to 
nanosheet network

Application III; Composite 
Strain-Sensors

Science, 354, 1257



Unusual 
electro-
mechanical 
behaviour
(Payne effect)
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-induced junction breaking+
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Percolation

Implies extreme softness of polymer 
is important (low h, high D)

With Prof Bob Young (Manchester)
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Use as a sensor to measure vitals!

Science, 354, 1257
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Adventures in biology…..
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Into the future…
….turning G-putty into a practical sensor

6%, 

9%,

12%,

15%,

20% graphene

Developed G-putty based inks which 
can be sprayed into thin films
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Sensing action based on tunnelling and junction 
breaking/reforming

What about electro-mechanics of nanosheets 
themselves?
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Negative G:
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MoS2



500 nm

Produce MoS2 nanosheets by 
liquid phase exfoliation

<L/t>~50
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Measure electromechanical properties
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If strain transferred to 
nanosheets: Raman shift
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Crude model for a nanosheet network
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Fits
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Other materials

10-6 10-5

-30

-20

-10

0

10

 MoS2

 WS2

 MoSe2

 WSe2

 Gra

C
o
m

p
o
s
it
e
 G

Comp. conductivity, s (S/m)

0.00 0.05 0.10 0.15 0.20

-0.3

-0.2

-0.1

0.0

0.1

0.2


R

/R
0

Strain, 

f=1.2%

,0

0 ,0 ,0

(d / d ) /
2

1 /

NS J NS

J NS

G R RR

R R R




 +
= + 

+  

Higher nanosheet conductivity shift mechanism away from 
nanosheets toward junctions: 

Negative piezoresistance  as nanosheet conductivity 

A
C

S
 N

an
o,

 i
n 

re
vi

e
w



Those example used nanosheets as filler

Can nanosheets be the matrix? 

Increase 
conductivity 
dramatically
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Composites of 1D:2D = 
nano:nano composites

Conductivity increases, 
otherwise hardly 
studied
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fc,m=1%
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MoS2
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happens 
at 1%?
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Stability and tensile toughness look similar

Continuous NT network mechanically stabilises film

Use this in real batteries?



20 m

Where to use nanotubes in batteries?

Replace the polymer binder and 
conductive additive

Aim:
1. Increase charge delivery
2. Improve mechanical properties of electrodes

t~100 m



Why improve mechanical properties of electrodes?

1. Stability (reduce chance of failure on cycling)

2. Stop cracking during fabrication

Cracking is very 
common in liquid-
deposited 
particulate films: 
mud cracking

The critical crack thickness scales with the 
mechanical properties of the material



vs

500 nm

“Standard n-Si/CNT”

n-Si: ~80 nm 

μ-Si

1 μm

Segregated CNT-
network

2 μm

0.5 wt% CNT
(5 μm Si)

2 μm

2 wt% CNT

2 μm

7.5 wt% CNT

Can NTs reinforce real battery 
material and increase CCT?

N.B battery particles usually 
> nanotube length

With Prof Nicolosi (TCD) Nature Energy, in press
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200 μm~300 μm

500 μm
~800 μm

μSi/CNT

NMC/CNT

CCT=100m

CCT=175m

(7.5wt%)

(1wt%)
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Mechanical enhancement 
allows increase in CCT: 
Make thick electrodes

Nature Energy, in press

CCT>>100m

CCT>>175m

Record thickness
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Thick electrodes yields high 
capacity electrodes and so cells

High areal 
capacity leads to 

high energy 
density 
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