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Introduction to graphene

Graphene is a one-atom-thick planar sheet of sp2-bonded
carbon atoms that are densely packed in a honeycomb crystal
lattice
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Properties of graphene

- Electronic properties

- Thermal prope

rties

- Mechanical properties

- Optical properties

- Relativistic charge carriers

- Anomalous quantum Hall effect

Electronic properties

- High electron mobility (at room temperature ~
carbon nanotube: ~ 100.000 cm?/(Vs), organic

200.000 cm?(V-s),, ex. Siat RT~ 1400 cm?/(V-s),
semiconductors (polymer, oligomer): <10 cm?2/(V-s)

vy = ,f.LE Where (g is the drift velocity in m/s (SI units)
E is the applied electric field in V/m (SI)

W is the mobility in m2/(V's), in Sl units.

- Resistivity of the graphene sheet ~10" éq L c,
resistivity

less than the resistivity of silver (Ag), the lowest

substance known at room temperature (electrical resistivity is alsci as the inverse of the

conductivity & (sigma), of the material, or
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Thermal properties

Material

Silica Aerogel

Air

Wood

Hollow Fill Fibre Insulation Polartherm
Alcohols and oils
Polypropylene
Mineral oil
Rubber

LPG

Cement, Portland
Epoxy (silica-filled)
Epoxy (unfilled)
Water (liquid)
Thermal grease
Thermal epoxy

Glass
Soil
Concrete, stone

Ice

Sandstone
Stainless steel
Lead

Aluminium

Gold
Copper
Silver
Diamond
Graphene

Thermal conductivity
WimK)

0.004 - 0.04
0.025

0.04-04

0.042

0.1-0.21

0.25 8

0.138

0.16

0.23-0.26

0.29

0.30

0.59

0.6

0.7-3

1-7

11

15

1.7

2

24

12.11 ~ 45.0

353

237 (pure)
120—180 (alloys)
318

401

429 %

900 - 2320

s -0 Ynjversity of Brighton
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Mechanical properties

-High Youngbs mGmhul us
High fracture strength (125 Gpa)

- Graphene is as the strongest material A representation of a diamond

ever measured, some 200 times tip with a two nanometer radius

stronger than structural steel indenting into a single atomic
sheet of graphene (Science,

321 (5887): 385)
Optical properties

- Monolayer graphene absorbs~ A 2. 3% of white | i
transmittance), where Uis the fine-structure constant.
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Preparation methods of graphene
Preparation methods
Top-down approach Bottom up approach
(From graphite) (from carbon precursors)
- Micromechanical exfoliation of graphite - By chemical vapour deposition (CVD)
(Scotch tape or peel-off method) of hydrocarbon
- Creation of colloidal suspensions from - By epitaxial growth on electrically
graphite oxide or graphite intercalation insulating surfaces such as SiC

compounds (GlCS) - Total Organic Synthesis

able 1 - Advantages and disadvantages for techniques currently used to produce graphene,

Advantages Disadvantages
Mechanical exfoliation Low-cost and easy Serendipitous
No special equipment needed, Uneven films

Si0, thickness is tuned for better contrast Labor intensive (not suitable for large-scale production)

Epitaxial growth Most even films (of any method) Difficult control of morphology and adsorption energy
Large scale area High-temperature process

Graphene oxide Straightforward up-scaling Fragile stability of the colloidal dispersion
Versatile handling of the suspension Reduction to graphene is only partial

Rapid process
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Graphene and graphene oxide

Graphene and graphene-based materials have interesting properties
Exfoliation of graphite oxide (GO) to graphene oxide and then reduction

to graphene is an affordable route to the large scale processing of
graphene-based materials

Sasha Stankovich, et al. J. Mater. Chem., 16, 155i 158 (2006)

Andrei Geim, et al., Nat. Mater., 6, 1837 191 (2007) %
Sasha Stankovich, et al. Carbon, 45, 1558i 1565 (2007) i
Wei Gao, et al., Nature Chem., 2009, DOI: 10.1038/NCHEM.281 University of Brighton

Yanwu Zhu, et al., ACS Nano, 4, 1227i 1233 (2010)

Graphene architecture

Graphene Nanoscroll

Graphene dried from
isopropyl! alcohol

HOPG-derived graphene
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Low temperature folding of graphene

Xu Xie, et al., Nano Letts., 9, 2565i 2570 (2009)

Jian Yu Huang, et al., PNAS, 106, 10103-10108 (2009) 2+ H
Sheng-Tao Yang, et al., J. Coll. Int. Sci., 351, 122i 127 (2010) % Cu fOIdmg SLGO
Zhiping Xu, et al., ACS Nano, 4, 3869i 3876 (2010)

Young-Kwan Kim, et al., Carbon, 48, 4283i 4288 (2010) University of Brighton
Raymond L.D. Whitby, et al., ACS Nano, 6, 39671 3973 (2012)
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How clean is your graphene?
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J.P. Rourke, et al., Angew Chemie Int Ed, 50, 3173-3177 (2011) %
Compare this to - - o/
Z. Wang, et al., Carbon, 47, 73 (2009) Umversnty of B"ghton
Consider a titration analysis...
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Same for fulvic acids, dissolved CO,, etc

Z. Wang, R.L.D. Whitby, et al., Carbon, 47, 73 (2009) Un“’erSIty of B"ghton
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The answer...

4M HCI 4M NaOH

University of Brighton

R.L.D. Whitby, et al., Carbon, 49, 722 (2011)
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From graphite intercalation compound

d=3.365A"

Li-THF-Naphthalene

RT, 2 days
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NGPs

Quang Trung Truong and Dai Soo Lee, IC-ME&D 2010, Sunchon, Korea ( Manuscript for Journal
of nanosciences and nanotechnology)

Single layer graphene i new production route

1 2 3
Heat
NV VR 0 Ce N N
Ny Wy Ny 200-300 NN N N7 SwH
267 100
208
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XK
A.Korobeinyk, R.L.D. Whitby, S.V. Mikhalovsky, et al., European
Polymer Journal, 48, 97 (2012)
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Single layer graphene i new production route

A Synthesis of PAN-Co-MMA by varying different ratio of monomers
(5:5, 6:4, 7:3, 8:2,9:1, 10:1, 12:1 etc.).

A Synthesis of PAN-Co-BA by varying different ratio of monomers
(5:5, 6:4, 7:3, 8:2,9:1, 10:1, 12:1 etc.).

A Thermal treatment of the copolymers in the N, atmosphere up to

a temperature of 850°C.
A Grinding of the carbonized copolymers up to 4 hours.
A Process the powder of carbonized copolymers in sc-CO, medium.

A Ultrasonication of the powder in the NMP solvent.
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Heating a copolymer

University of Brighton

XRD Analysis
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Single layer graphene i new production route

— 200m

A.Korobeinyk, R.L.D. Whitby, S.V. Mikhalovsky, et al., European niversit f Bright
Polymer Journal, 48, 97 (2012) u o TR

Single layer graphene i new production route

A.Korobeinyk, R.L.D. Whitby, S.V. Mikhalovsky, et al., Carbon, 50, H H H
2018.2025 (2012). University of Brighton
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Single layer graphene i new production route

carbonised PAN co MMA 9:1 sample

processed in sc-CO, and NMP
sonication
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Acrylonitrile i Butylacrylate

PAN co BA 9:1 sample after
carbonised, processed in sc-CO, and
in NMP sonication

University of Brighton

Acrylonitrile T Styrene

PAN co styrene
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Acrylontrile - 2,4 diamino, -6
diallyl amino, 1,3,5-triazine
(DDAT)

PAN co DDAT 9:1

University of Brighton

Acrylonitrile T Ethyl methacrylate

PAN co EMA 9:1
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Acrylonitrile i Ethyl methacrylate i Methyl methacrylate

Stepheight

” Step height
Y 3 to 4 layers
PAN co EMA co MMA 9:1:1at 850 ‘\‘/b\
degree University of Brighton

Effect of processing solvent
(sc-CO, and NMP)

PAN co EMA co MMA
processed in only sc-
CoO,

PAN co EMA co MMA PAN co EMA co MMA

processed in both sc-CO, processed in only NMP
and NMP
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