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family !
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10 year ago ...

CVD graphene with stitched grain
i boundaries exhibit 90% of the strength
of theoretical pristine graphene

Applications:

« High speed electronics

« Data storage

« LCD smart windows and
OLED displays

« Supercapacitors

« Solar cells

» Electrochemical sensing

Publication Numbers

Graphene supercapacitor
breaks storage record
Roll-to-roll production of
30 square inches of graphene

First report of ‘Scotch Tape’
graphene exfoliation

Nobel prize awarded in 2010 to Geim
and Novoselov for their work
on 2D atomic crystals in 2005

Ohta and coworkers report
electronic control of
bilayer graphene

MATAERIALS

A decade of graphene research: production,
s and outlook
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Creativity,
Ingenuity,
Serendipity

Adhesive

tape i |
3 R

Graphite flakes

~ 10 years of hard work on science &
technology approach to scale up
and industrial ramp-up |

New materials and increasing
market share of graphene-
based products ... ~20 years !

Wide range of new products
compared 10 years ago |
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Reproducibility @ Performance @ Cost

Graphene derivatives

2004

Liquid phase exfoliation

Scalable production of
graphene nanoflakes

Green synthesis of
graphene oxide

@ Anticorrosion coatings
® Heat spreader

Water desalination
and filtration
® Portable batteries

2024

BEYOND 2024

Scalable production of graphene
derivatives

Free-standing films of graphene
derrx dt‘JWrWﬂthﬂtmﬂabfL thrukness

) Battery cells ~.

® Concrete N

® Supercapacitors

@ Fire-retardant materials

@ Therapeutics

@ Structural components for aerospdce
@® Electromagnetic shields /

- .-
——— .-

Continuous graphene films

-} €—— First discovery of graphene

Synthesis of reduced
graphene oxide _l—.

Chemical vapor deposition
of graphene on copper

P
Q
Q

RollHo-roll production of
graphene films

» £
150

O Biosensing
> O Batch-to-batch production of
G (—,_ wafer-scale graphene films
{)

O

O

— @ Electric heating

S

Supporting material for
transmission electron
microscope grid

BEYOND 2024

Compatibility with silicon
complementary metal-oxide
semiconductor technology

Direct qruwth of gra;}hene films

v ® Gas sensors e
yr @ Wearable electronics N,
/ @ Photodetectors
i @ Optical modulators
\ @ Terahertz wave detectors

Now ...

From lab to the
markeft ...

Universities
Center of
technology for
industrial
applications
Spin offs

Start ups

New companies
Big techs ...

Science

https://www.science.org/do
i/10.1126/science.ads4149




What changed ...

From |lab to industry: new products and new production capability | .... Lowering price ...new
applications |

Understanding of graphene properties & applications ... “New graphene” material types/specifications

From pristine monolayers materials to dozen of “graphene family” materials ...mono, bi, last then 10 layers,
more than 10 layers, nano graphite , oxidized graphite (many oxidation grades), GO, reduced GO, and
soon!

nature

Q rch Login
. J | P
Explore content v About the journal v Publish with us v I/ l ) ~ S
nature > article ) =3 ) kL

NEWS AND VIEWS | 08 Octaber 2013 j /] W G ra p h e n ?
| The war onfake graphene H Q}sgﬂcatjoq i
h‘ers://www.noTure.com/o The material graphene has a vast number of potential applications — but a L |
rticles/d41586-018-06939-4 § survey of commercially available graphene samples reveals that research \ e F ra m ewo r k H ‘
could be undermined by the poor quality of the available material. v/
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The Graphene Council

Research, Development and Application

Praduction Method 1.Method — 2.Inputs —+ 3. Form —* 4.SP2 —» 5. Defects —* 6. Z-Axis —» 7. Layers

. Raw Material

. Material Form

. 8P2 Bonded Carbon

. Structural Defects
Layers of Carbon Atoms

. Z-Axis Dimensions

COPYRIGHT - ALL RIGHTS RESERVED

The Graphene Council Page 11 of 17 www.thegraphenecouncil.org

chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://cdn.ymaws.com/www.thegra
phenecouncil.org/resource/resmgr/standards/report/gcf_public_version0.1.pdf
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8. Shape ~—» 9.Lateral 10. Aspect —» 11, Density —»12. Elements —»13, Oxidation

8. Particle Shape

%a

9. Lateral Particle Dimensions

10. Particle Aspect Ratio

11. Bulk Density (Tapped)

12. Elemental Composition

13. Oxygen Content
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14. Impurities 15. Functional "
14. Impurities —» .ization = — 16. Charge —» 17. Orientation — 18. SSA —» 19. Crystalinity

15. Functionalization

16. Surface Particle Charge

17. Orientation

18. Specific Surface Area

19, Crystallinity
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Copyright The Graphene Council 2021




MORE COMPLEX SYSTEM (WORLD), NEW
TOOLS AND SKILLED PEOPLE ...

IDEA'S ... START-UP'S ... SPIN-OFF'S ... MARKET
& BUSSINESS
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ESG : ENVIRONMENTAL, SOCIAL & GOVERNANCE

ESG is a 20 years old concept |

It's came from UN (Kofi Annan UN secretary general )

‘,
7

THE GLOBAL
COMPACT .
I propose that you, the business

leaders... and we, the United Nations,
® initiate a global compact of shared
Who Cares W]Lns values and principles, which will
give a human face to the global

Connecting Financial Markets market.

to a Changing World - Kofi Annan, 1938-2018

Recommendations by the financial industry to better integrate environmental,
social and governance issues in analysis, asset management and securities brokerage

Jata: AFP
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ESG GIVE TO THE BUSINESS:
- CLEAR PURPOSES
- LONG TERM VISION

SOCIAL

People & Community - INTREGRATED VISION

- VISIBILITY

ENVIRONMENTAL

Planet
GOVERNANCE

Business performance
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Graphical summary of key recommendations

Overall goals:

S « Stronger and more resilient financial markets
P E R F O R lVI B E I I E R W I I H Financial Sector « Contribution to sustainable development
Initiative
W Eaces W » Awareness and mutual understanding of involved

REGARD TO THESE ISSUES osasicfmsilasibon
CAN INCREASE

Analysts / Brokers

=> Incorporate ESG

SHAREHOLDER VALUE

Companies i iatn Investors / Asset
= Lead the way by mainstream managers i
implementing ESG research >Reward ESG

principles and Fesearch

improving reporting

== Integrate ESG
factors in research
and investment
processes

Interest over time

® £SG A_‘i'ig't‘]';:;';“ Better Pension trustees
standardisation investment ' CU,[,L:::';,‘],IEia;,g,l1:"l[1g
Educators markets selection of
=>Facilitate high- + managars
level’ thinking and Governments/
training an ESG More Multilat. agencies
issues . = Proactiveh
sustainable consider in Pt
soc-ieties investmeant

ESG: Environmental, Social & Governance

Consultants

i o i e Regulators / stock
CSR: Corporate Social Responsibility resaarchwin okl
industry level

research = Implement

NGOs
» Provide
objective ESG
information on
companies o the
public and the
financial community

» Support demand
and awareness
building
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*Race/Colour Diversity

« Women in Management
* Inclusion

* Health

» Equity

* Training

« Safety

* Inequality

-
™5
¢ 2
-
ABCar b
. October 23,2024 2pm to kpm (UK time)

E - Environmental

*Environmental Education
and Carbon Market

» Reforestation

‘Renewable Energies

+ Government/Regulation
» Corporate Governance

* ESG Investments

* Innovation

« Compliance

* Risk Management

« Accountability

* Decarbonization

» Climate Effects

* Recycling

*Environmental Preservation
*Energy Efficiency




THE BALANCE BETWEEN E & S. THE KEY
POINT OF G!

Remember ... ESG came from a vision of UN working together of most
influential finance companies, bank and market people, such like: ABN
AMRO Bank N.V. AXA, Banco do Brasil , Sarasin & Partners LLP, BNP Paribas, Credit
Suisse, Deutsche Bank, Goldman Sachs HSBC, Morgan Stanley, UBS and Westpac
with more than 500 representatives from business and civil society |

Governance is the key point to evaluate, control and give vision and
directions for the ESG platform. It is the balance for a good
implementation of S (Social) and E (Environmental) programs based
on accountability, performance, measurements, goals and
achievements |

Without metrics and vision, it is impossible to implement a coherent
ESG program!

October 23, 2024 2pm to 4pm (UK time)
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QUALITY
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REDUCED
INEQUALITIES

PEACE, JUSTICE

AND STRONG
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EQUALITY
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SUST&INJ&BLE
DEVELOPMENT

GLALS

https://www.un.org/sustainabledevelopment/news/communications-material/




New plastic composites: high

mechanical properties, less material  |EkeEEs
use, recycling technologies based
on graphene materials: chemical

adsorbents for metal recovery

New electronic materials:
Sensors, resistive memories,
smart screens, etc.

New medical treatments: graphene-
based scaffolds ( bone replacement
with stein cell technology, graphene
tissue engineering,

Soft 3D printed human tissue, etc.

DEGENT WORK AND

ECONDMIC GROWTH

o

New materials: OPC (ordinary

Portland cement) with graphene New companies, fech business,

new products, new materials & Applications
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High efficiency membranes for T
DEVE'LOPMENT

water filtration and treatment G:ALS

Graphene for wind blades composites
Graphene based solar cells

(...)

Low carbon footprint

technologies: solar cells,

Graphene for pollutes — New batferies,

removing & freatment 13 e carbon capture & sforage,
' Synthetic photosynthesis,

soil fertilizing, ...

Water pollution control technologies
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1 7 PARTNERSHIPS
FOR THE GOALS

&
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POVERTY
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QUALITY
EDUCATION

L]
|!ﬂ | ‘I REDUCED
INEQUALITIES

16 PEACE, JUSTICE a~

AND STRONG =
INSTITUTIONS ‘ = }
§ .’

Y, _

5

GENDER

EQUALITY

And here ¢
Leadership & Vision !

... It is about good

Communication
Ethics
Responsibility
Empathy
Actions

Integrity




There is only one Earth | ...

You should know by now ... Thereis no plan B!

2013: Earth as seen throubh Satum’s rings (Cassini)

Image Credit: NASA/LJPL-Caltech/Space Science Institute
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Earth as seen
from Saturn’s
rings looks like
a blue
luminescent
carbon dot!!!

Image Credit- NASA/Goddard/Arizona State University

2015: Earthrise 2.0 (Lunar Reconnaissance Orbiter)

https://explorerl.jpl.nasa.gov/galleries/earth-from-space/
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dhanks Let’s talk with us about carbon !
ddiq https://abcarb.org.br/

ZacLa)
il
oDanke Brazilian Carbon Association / ABCARB - President
Senior Member of AIChE - American Institute of Chemical Engineers
3'cazie Strategic Decision and Risk Management Certificate Professional (Stanford University)
Visiting Scholar at Brown University (LEHN / School of Engineering)
Je$ ekkﬁ.'c[e’c Academic Visitor at Imperial College London (Department of Materials)
Postdoctoral Fellow at the University of Sheffield/UK (Department of Materials Science & Engineering)
oDziQkag’Q Ph.D in Materials and Metallurgical Engineering from University of Sdo Paulo (USP)
MBA in Environment Technologies & Management from Polytechnic School of Engineering (POLI-USP)
C [1aCH 6 (0) (8})@[50) Certified Safety Professional from Federal University of Minas Gerais (UFMG)

Metallurgical Engineer from Federal University of Minas Gerais (UFMG)

Gbrigado
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Risk Assessment and Health,
Safety, and Environmental
Management of Carbon
Nanomaterials

Guilherme Lenz e Silva, Camila Viana, Danieli Domingues

and Fernanda Vieira

https://www.intechopen.com/chapters/66689

Graphene
Bilayer graphene
Few layers ...

Nanographite
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s Hierarchy of Controls \

OECD BST"

SO AW A ‘ “old” industry

Understanding
Interpretation
Evaluation
New methodologies
Adaptation
Interconnection
Legislation

IS (softand hard law)

Identifier: E3059

Document Standard Guide for Workforce Education in Nanotechnology Infrastructure

Title:
Enviro

Identifier: 12901-2
Nanotechnologies — Occupational risk management applied to engineered nanomaterials — Part 2: Use of the N T

Document g
Title: control banding approach " ~
1 141 ” ﬂ { 1

Identifier: 12901-1

Document Nanotechnologies — Occupational risk management applied to engineered nanomaterials - Part 1: Principles

Title: and approaches

Risks: Environmental Products

Hazards .
requirements

identification & identification, aspects

|dentifier: DHHS (NIOSH) 2012-147
OHA&S risks evaluation and control

Document General Safe Practices for Working with Engineered Nanomaterials in Research Laboratories

Title:



