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EL GRAFENO EN EL MUNDO INDUSTRIAL

1. Descripcion general

The Nobel Prize in Physics

RAZON DEL PREMIO 2010

La investigacion sobre el desarrollo del
grafeno, representa la innovacion de un

material bidimensional que serd util para el ~
desarrollo de dispositivos electrénicos /
flexibles y mas eficientes, como ordenadores ,
y pantallas tactiles asi como paneles solares. .\
. . <
El grafeno ofrece propiedades excepcionales P 1. Moran Phota: U. Montan
procedentes del mundo de la fisica cuantica. Andre Geim Kanetantn
Prize share: 1/2 Novoselov

Prize share: 1/2

The Nobel Prize in Physics 2010 was awarded jointly to Andre Geim
and Konstantin Novoselov “for groundbreaking experiments
regarding the two-dimensional material graphene"

LEITAT
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EL GRAFENO EN EL MUNDO INDUSTRIAL

1. Descripcion general

El grafeno es una sustancia compuesta por carbono
puro, con atomos dispuestos en un patréon regular
hexagonal y es similar al grafito.

Caracteristicas mas destacables:

Una hoja de un atomo es aproximadamente 200 veces
mas resistente que el acero actual mas fuerte.

Su densidad es aproximadamente la misma que la de
la fibra de carbono
- Es 5 veces mas ligero que el aluminio
-Una lamina de 1 metro cuadrado pesa tan solo
0,77 miligramos.
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1. Descripcion general

High electron
mobility
(em2z/Vas)

High electrical
conductivity

(5/m)

High strength

Optical
properties

High curability
for current
density
Thermal
conductivity
(W/mK)

High barrier
material

1s-1

108

~1100 GPa
modulus

Fracture strength

~130 GPa

7. 7%
Transmittance
(ronolayer)]
Low density ~2
g/cm?

5300

Impermeable if
defect-freg)

~200,000 cm2V-

Silicon 1400

Silver 43x 104

200 times
stronger
than stesl|

~ 100 times
copper

Silver: 420
Coppern
400

» Applications in high
speed transistors, spin
devices, single electron
transistors, semiconductor
memory, QHRS (Quantum
Hole Resistance
Standard), RF, MEMS,
silicon replacement

+ Electrostatic discharge
and EMI shielding
composites

* Composite materials

* Incredible rigidity lends
themselves to nancscale
pressure sensors

* Transparent electrodes
and laser materials

+ Wiring materials
* Heat / energy storage,
thermal management

+ Coatings and films
» Packaging

Graphene

Glass or PET

P3HT:PCBM

PEDOT:PSS

LEITAT
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1. Descripcion general

Ejemplos de estructuras cristalinas del carbono

graphite diamond

LEITAT
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2. Produccion y precio
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Carbon Propertiez/Typical Commercial
layers applications availability
Epitaxial CVD 1-2 Conductive >$10,000 Limited VARIAS FORMAS DE GRAFENO
graphene * Electronics cm?
e Multi-layer graphene.

Transparency | h

* [TO replacement * Few- ayer graphene.

* Flexible electronics e Exfoliated graphene.
Few layer 3-10 Conductive, flexible, $200- Commercially .
graphene high surface area $2000/g available ° Bllayer gra phene-

* Sensors. [problems e Trilayer graphene.

with
consistency) e Graphene nanoplatelets.

Gruphene 11-100 - Compﬂsiies. $2EJD— Yes [Wifh ) Graphene nanorlbbons_
nanoplatelets * Inks. $2000/kg variable ]

- e | * Graphene oxide (GO).

* Lubricants. e Graphene foam.

+ Printing.
Graphene Various | = Insulator. $200- Yes
oxide * Semiconductors, $3000/kg

+ Hydrophilic- dry weight

Dispersions. basis

LEITAT
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2. Produccion y precio

Métodos de Sintesis Graphene Sintesis tipica (Top Down)
synthesis
techniques

t :
U W %%%ﬁ"
Top down _'_,__.-__;-:- Ouldation LS
“ 2 —
e s sl
Graphite
Mechanical Chemical Chemical Epitaxial L b
exfoliation exfoliation synthesis Pyrolysis Growth Other anmmn;rm.

-

'_.‘_“'I:'::'LJ}- Reduciion
ﬁ—&&.%, — Gt

EeG) Graphen cxide

Reduced
AFM tips Sonication graphene
oxide

Adhesive Thermal

RIALS
Ave., Dayton, OH 4544
materials.com

10¢
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2. Produccion y precio

Method Typical dimension |  Advaniage | Disadvantage |
Thickness Lateral
Confined self-assembly Single laver 100°s nm Thickness control Existence of defects

CVD
Arc discharge

Few laver

Single. bi and few layers

Epitaxial growth on SiC Few lavers

Unzipping of carbin nanctubes [Multiple lavers |

Reduction of CO Multiple layers

Very large (cm)

Few 100 nm to a few pm
Up to cm size
few pom long nane ribbons

Sub-pm

Large size: high quality
Can produce ~ 10 g'h of
eraphene

Small production scale
Low wield of graphene;
carbomacecus impurities

Very large area of pure
eraphene

Size controlled by selection of
the starting nanotiubes

Unoxidized sheets

I Verv small scale I

Expensive starting material ;
oxidized graphens -

Contamination with 2-Al20;
and 2-Al.S

Micromechanical exfoliation Few layers

Direct senication of graphite | Single and multiple lavers |

Electrochemical
exfoliatonfunctionali zation
of graphene

Single and few layers

Super acid dissolution of
graphite

Mostly single laver

e Wy CImh

L or sub- i

S00—700

300000 nm

Large size and unmodified
graphene sheets

Unmadified graphene,
inexpensive

Single step functionalization
and exfoliation; high
electrical conductivity of the
functionalized graphene

Inmudified graphene; scalal
Unmedified graph al able

Very small scale production

| Low vield: separation |

Cost of wonic liguids

Use of hazardous
chlorosul fome acid: cost of

LEITAT
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2. Produccion y precio

O -BASF

We create chemistry

PERPETUUS

oOSAKA GAS CHEMICALS s advanced materials

O Graphenea  GPNT (€

graphenano

nanotechnologies

GrapheneTech

o 4% rest of the world
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3. Productos incorporando grafeno en el mercado

Graophene
Noanochem

Graphene Nanochem plcis a
nanotechnology commercialisation
company that designs, formulates,
manufactures and markets a range of
nano-enhanced solutions, from
chemicals to performance materials
with improved performance
characteristics, focusing on the oil and
gas secfor.

http://www.graphenenanochem.com/

GRAPHENE INSIDE

Innovacion a base de grafeno: mayor dureza, homogeneidad,
resistencia, conductividad y flexibilidad

na las pinturas y recut

ad, resistencia y flexibilidad. Este corr 6gico actda como u

| molecular, lo qu

manten

0y un mayor ahorro

Usamos la tecnologia para conseguir materiales més eficientes, adaptados a las nuevas exigencias de un mercado cada

ibles de produ:

s comprometido con r

duce en mayor durabilidad y por consiguiente en un m

Ueat ike

Bl chrBON+GRAPHENE

https://www.catlike.es/cy/en/innovation/shoes-
technologies/carbon-graphene/

CUALIDADES UNICAS DEL GRAFENO

Alta adhesion. Film resistente.

GRAFENO
GRAPHENE

Anticondensacion. Reduuce puntos frios
Producto lavable:

Fexible. No se cuartea.

Repele el agua. Anticapilaridad
Fuerzay durabilicad

enor

Products & Applications

Antennas
RFIDs
= HowWeDoh
= Advantages
= FAOQs
Wearables
=  Printed Sensors
=  Capacitive Touch Pads
=  Conformal Antennas
=  Flexible Electronics
Composites
= Engineersd Elastomers
= Reinforced Thermoplastics
Conductive inks
Next Generation Battery
Development

Advanced Eilastomer Features Sup Strength, Temp: and Fatigue for A
Petrochemical, Aerospace and Apparel Applications

September 29, 2016

Jessup, MD - ler in is announcing the
introduction of , the first in a new family of graphene-enhanced, engineered elastomer products made

using Vorbeck’s proprietary

with
hstand
ng temperature of HNBR. Vor-flex™
3500 psi and a Shore A hardness of 88.

me strength at I
emperature spikes up to
50 has a nominal tensile strength

ome of the most demanding
petrochemical applications,” said
Materials. “Vor-flex is also an ideal
applications as it provides a very
Lettow.

Ph.D., Founder and President of
e for making custom gaskets to serve i
h seal, resistant to chemicals and fuels,”

LEITAT
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3. Productos incorporando grafeno en el mercado
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Theragnostic
WUXI GRAPHENE FILM CO.,LTD

TECHNOLOGIES

Graphene films on copper foil Graphene transparent Graphene touch sensors

PRODUCT PIPELINE
§ ManGraDex
* Next Generation MRI Contrast Agent
\ i » @ [
<

World Wide Market §

JUNE 2015

Introducing our groundbreaking graphene-based gadolinium-free MRI contrast agent.

LEITAT
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3. Productos incorporando grafeno en el mercado

SKELE-+ON

TECHNOLOGIES

Skeleton Technologies is the only manufacturer
covering the full value chain

"Curved graphene”
of our ultracapacitors' performance advantage is Skeleton's nanotechnology research into patented curved
arbans, whic

At the heart

£ used Dy other ultraca tor

urved graphene differs significantly from regular activated c

graphene. C
All competitors use organic pre-cursor materials, mostly carbon made from coconut, Skeleton is the only

s also achieved one of the lowest ESR (equivalent series resistance) le

the efficiency of the cells by reduding the amount of energy that is lost as heat. This is also an

Skeleton Technologies ha

s crucial as it greatly incre
advantage because cooling systems can be downsized or removead altogether.

i
| GRAPHENEXT

(+]
REDISTRIBUCION DEL PESO INTEGRACION GRAPHENE MAS POTENCIA

o
8 El peso se desplaza hacia la Graphene esta integrado en el Los jugadores generan con esta
— punta y el mango otorgando corazon de la raqueta redistribucion optimizada del
< mas maniobrabilidad y haciéndolo mas estable y peso de la ragueta mas energia
LLnJ aumentando la inercia. logrando una redistribucién cinética al golpear |a pelota. Se

optimizada del peso. genera mas energia con menos
o esfuerzo.

LEITAT
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4. Ejemplos de aplicaciones en LEITAT
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Improved power factor of polyaniline nanocomposites
with exfoliated graphene nanoplatelets (GNPs)

Begona Abad,? Irene Alda,? Pablo Diaz-Chao, Hiroshi Kawakami,? Albert Almarza *
David Amantia,” David Gutierrez,” Laurent Aubouy® and Marisol Martin-Gonzalez*®

In this work, exfoliated graphene nanoplatelets (GNPs)/polyaniline (PANI) nanocomposites have been
prepared by sequential processing comprising: (i) a first aniline oxidative polymerization step under
acidic conditions and (i) mechanical blending with GNPs at different percentages. Thermoelectric pellets
of the hybrid materials have been obtained at suitable circular geometry by means of cold pressing.
Thermoelectric parameters have been determined at room temperature (electrical conductivity, Seebeck
coefficient and thermal conductivity). Thermoelectric measurements show a drastic enhancement in
both electrical conductivity and Seebeck coefficdent with the addition of GNPs. A respectable maximum
power factor value of 14 pW m™ " K ¥ is reached for hybrid materials charged at 50 wt% GNP content,
evidendng a 1000-fold enhancement with respect to the raw PANI polymer. The measured thermal
conductivity is in the range of 0.5W m~" K" for pure PANI to 3.3 W m " K7 for 50 wi% GNP content,
which matches the parallel thermal resistor model for this nanocomposite.

TERMOELECTRICIDAD
ORGANICA



http://en.wikipedia.org/wiki/File:Thermoelectric_Generator_Diagram.svg
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4. Ejemplos de aplicaciones en LEITAT

Sector de la automocion Sector del elastomero Sector de la energia
- Composites de poliolefinas y ABS - Mejora del proceso de -Fabricacion de electrodos
- Refuerzo mecanico (modulo, dureza...) vulcanizacion avanzados para bateria de Li-ion
- Reduccion de peso - Transfer térmico - Composites para intercambio
- Resistencia mecanica termico

LEITAT
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4. Ejemplos de aplicaciones en LEITAT

Hemp Carbon
Makes Supercapacitors
Superfast

July 2013

by Mark Cravwford,
SME.or

-
-
Most people don't understand the
(Cannabis sativa). Cultures have |
for centuries for clothing, fabric, a/
for food, fuel, medicine, building n
energy storage industry is starting
Canadian research that shows su
made from hemp-based carbon n
supercapacitors by nearly 200%.

David Mitlin’s Group
http://www.mitlingroup.com/

Latest News
Web Date: May 15, 2013

Energy-Storing Nanomaterial
Made From Hemp

Electronics: Researchers turn agricultural waste into a carbon nanomaterial for

high-power supercapacitors
By Katherine Bourzac

[#)Enlarge

Interconnected Carbon Nanosheets
Derived from Hemp for Ultrafast
Supercapacitors with High Energy

Huanlei Wang,"* Zhanwei Xu,™* Alireza Kohandehghan,’* Zhi Li** Kai Cui,’ Xuehai Tan,"*

Tyler James Stephenson,™* Cedl K King'ondu,™ Chris M. B. Holt,"* Brian C. Olsen,™ Jin Kwon Tak,’

Don Harfield,® Anthony O. Anyia,® and David Mitlin™**

"Chemical and Matesials Enginsering, Unersity of Albart, Fdmonion, Alberta T66 2 V4, Canarh, *National institue for Nanoechnology |NINT), National Ressarch
{Coundlof Canada, Edmontton, Alberta T56 1M, Ganada and® Bresource Tadhnologes, Alberta nn avatesTecnology Futuss, Vegrewlle, Aberts, TS 1T4 Canads

ABSTRACT We created unique interconnected partially graphitic carban nanoshests (1930 nm
in thickness) with high specific surface a3 (up to 2247 m’ g~'), significant velume fraction of
‘mesaparasity fup to 58%). and good elertical conductivity (11226 S m™") from hemp bast fber.
The anasheets are ideally suited for Jow {down to @ °O) through high (100 °0) temperature ionic-
iquid-based supercapacitor applications: At 0 °C and 2 cument demsity of 10 A g™, the slecrode
‘maintains a remerkable capacitance of 106 Fg ~".At 0, 60, 2nd 100° Candan extreme current density
of 100 Ag ™", thare is excellent capacitance retention (72 —92%) with the spedific capacitantes being
113, 144, and 142F g, respectively. These characteristis favarably piace e meterials ona Ragane
chat providing amang the best p o dstics (on 2n acthe i) ever reported for 2n i dtor: At 2
wery high power desity of 20W kg~ and 20, 60, and 100 °C, the eneryy densities are 19, 34, and 40 Wh ky ™", mspectively. Moreover the assembled
supercapacitor device yiekds 2 masmum energy density of 12 Wh kg, which i higher than that of commercilly avaiiable supercapacitrs. By taking
advaniage of the complex multilayered structure of a hemp bast fiber precussar, suh & be adhiewed by si

rboniztion sombinad with activation. This navel precursor-synthesis route presents 2 great potential for fadle largescale production of high-
performance carbons for a variety of dherse applications incuding energy storage.

KEYWORDS: biomass - carbon nanosheets - ionic liquid - supercapacitor - energy storage

>

=
()
I

C&CT) rore| Magazine = | News = | Dopariments = | Collostions = | Bioga ¥ | Muitimedia v | Jobs !

0 O

Email & |Print O

Graphene might one day be used in batteries, solar cells,
transparent electrodes, and a host of other electronic
padpgets. But graphene is still quite expensive to make. Now
researchers at the University of Alberta have
demonstrated a low-cost process for turning agricultural
waste into graphenelike nanomaterials for use in energy
storage electronics (ACS Narno 2013, DOI:

0731g).

e area and conductivity, graphene is ideal
-odes in batteries and supercapacitors,

1y storage devices that excel at providing
power. Supercapacitors charge and

rthan batteries can because they store

rm of fast-moving charges on the surfaces of

% South Hemp

@South_Hemp

2+ Seguir

Nuestros Directores Alvaro Gémez y Jorge
Irarrazaval en visita técnica en el
Headquarter de @Leitat en Barcelona.

RETWEETS ME GUSTA

3 A

16:45 - 15 feb. 2017

'SOUTH HEMP| | /
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