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Carbon ... It is one of the most versatile atom !

• Organic & inorganic compounds
• Allotropes (carbon nanotubes, fullerenes, diamond, graphite ...)
• 18 wt.% of human body ; 19o. Element on Earth
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Everyday presence  … 
The good,  …

• Photosynthesis
• Earth natural temperature
control and maintenance
(live planet !)

Prof. Dr. Guilherme Frederico B. Lenz e Silva; Ing. CSP, MBA , Ph.D., SMAIChE / LM2C2 – PMT/POLI-USP – ABCARB : Keynote Lecture at the TLMC5 2024



… the bad and the ugly !

https://bangkok.unesco.org/content/unesco-bangkok-marks-beat-plastic-
pollution-mission-sense-urgency

Plastic and tyres pollution !
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Carbon: origins and technological evolution

The word “carbon” came from Latin word: carbo that means: charcoal

15,000 BC – North of Spain 
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First black colour paint !



Carbon: origins
 and technological
 evolution

Essential for  iron-carbon 
Development and Technology

The Iron Pillar of Delhi 
(3rd ~4th Century)
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Charcoal and the Middle age 
The word “carbon” came from Latin word: carbo that means charcoal

Source: The Pyrotechnia, VANNOCCIO 
BIRINGUCCIO; Year: 1540 edition 

Middle age: charcoal production for iron 
making
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Abraham Darby I, 
10 of January of 1709 

Carbon: and the pre-industrial revolution
 

The first blast furnace on coke
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Chemistry evolution … The first two allotropes: 
graphite and diamond

John Dalton. 1808; (Symbol of Carbon)
New System of Chemical Philosophy.

Antoine-Laurent Lavoisier, 
named the carbon element (C)

Source:  http://www.mineralminers.com/html/diamins.stm 

Diamond: 1,200 BC (from  
Hindu manuscripts). 
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http://marvel.com/characters/66/wolverine

http://www.slashfilm.com/new-logan-photo-effectively-
shows-why-the-wolverine-sequel-will-be-r-rated/

ADAMANTIUM ! …

…  it’s came from ADAMAS

The origin of diamond word came from 
the Greek word: “Adamas” – that 
means: invincible !
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Emma Frost

January Jones

X-man: 
First Class

X-man: 
Origins (2009)

Tahyna Tozzi
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Carbon materials, from the
SEM point of view

Prof. Guilherme Lenz images SEM – 
JEOL 6400 / Sorby Centre – 
University of Sheffield

FG - Brazilian flake graphite ( N. Grafite)

SP – Solid pitch 
 (Carbores-P / Rutgers)

CB – Carbon black (Concarb)

CNT – Multiwalled carbon nanotubes (Sigma – Aldrich) 

TG – Treated graphite (BSP 80)
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Carbon blacks 
Applications:

- Pigments 
- Structural 

reinforcement of 
rubber

- Refractories
- Paints (Black 

pigment and 
electrostatic 
/conductive) and  
coatings

    ...
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Carbon black production: from oil and/or gas incomplete 
combustion

70% of world total 
production goes to tyres 
production

Up to 16 different types of 
carbon black on a tyre 
formulations.
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Natural Flake Graphite 

Qingdao Kropfmuehl Graphite Co., Ltd
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http://www.bgs.ac.uk/research/international/dfid-kar/WG92030_col.pdf
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http://ets.gallois.pagesperso-orange.fr/index.htm

Flotation of natural graphite (Madagascar)

Natural flake graphite processing flowchart 
(Mine Lynx – Zimbabwe)
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Electrodes for metal reduction 
and melting/scrap furnaces
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Electrodes for different size equipment
Electrical current vs. electrode diameter 
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Carbon cathodes for metallic aluminum production  from 
alumina reduction 

Carbon blocks: calcined anthracite 
treated at 1,800 oC

Graphite blocks: artificial graphite from 
oil/gas 

Carbon blocks: from petro-coke .

Fonte: http://www.fangdacarbon.com/en/product/a
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Source: http://www.refractories.saint-gobain.com/Aluminium-Reduction.aspx

Hall-Heroult alumina reduction cell
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Carbon block – blast furnace for hot metal production

Fonte: http://www.fangdacarbon.com/en/product/c/default.shtml

Super Micro-pore Carbon Block
 

Prof. Dr. Guilherme Frederico B. Lenz e Silva; Ing. CSP, MBA , Ph.D., SMAIChE / LM2C2 – PMT/POLI-USP – ABCARB : Keynote Lecture at the TLMC5 2024

http://www.fangdacarbon.com/en/product/c/default.shtml


http://www.furnacelining.com/FangYuan/Literature_files/FangYuan_Blast_Furnace.pdf
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Sustainable Porous Carbons Materials

Bulk density
(g/cm3)

Porosity
(%)

0.35-0.50 70-85

Kraft Black liquor

Several applications

Polymerization/ 
Carbonization

Nanoparticles

Crosslinker
PMMA
Resorcinol

Ni(NO3)2.5H2O

Dra. Gisele Labat  (former posdoc at LM2C2-PMT POLI – USP , now at INPE)



Electromagnetic Shielding

 High porosity
 Pore size (micron scale)

EMI- electromagnetic interference

Aerospace field- radar

Dr. Alan Boss (former posdoc at LM2C2-PMT POLI – USP )



Shield by absorption

Vector network analyzer (VNA) in the frequency range from 8.2 GHz to 12.4 GHz 
(X-Band) for electromagnetic properties

Dispersion in 
Silicon 

99% of absorption

Particle size 250-420 µm 



POROUS CARBON BIOMATERIAL (IN VITRO TESTS)

Optical Microscopy

Biomaterial

Osteoblasts cells culture

Biomaterial + Silver 
nanoparticles (600 ppm)

- Cell Adhesion



Bone X Biomaterial (structure)

Sustainable Carbon 
Biomaterial

Tibia - Bone Defect (standard process)  

HidroxyapatiteCortical Area

Medular Area

Dra. Patrícia Almeida  
(Posdoc at LM2C2-PMT POLI – USP)



Synthetic and natural diamonds

 Market size (estimated): US$9  to 13 billions /year
 Jewelry: 30%
 Industrial grade: 70% (cut, drilling and polishing) 

- Angola;
- Australia;
- Botswana;
- Canada;
- Congo;
- Namibia;
- Russia;
- South Africa.

- Color;
- Size;
- Quality;
- Shape.

- Antwerp;
- Mumbai;
- Tel Aviv;
- New York;
- China;
- Thailand;
- Johannesburg.

- USA (50%);
- Japan (15%);
- Italy (5%);
- India (3%);
- China (2%);
- Middle East (2%);
- Others (23%).
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Synthetic
 Diamond 
Hydraulic
 Press 

Carbon phase diagram 

Synthetic diamonds
2 main synthesis routes: The first one was discovery 
by GE at 1955 . The second  is by CVD (Chemical 
Vapor Deposition). Nowadays  100 million of carats of 
industrial grade  diamonds are produced by year. 

High Pressure High 
Temperature (HPHT) 
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Artificial diamond 
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Carbon Fibers

Two dominant technologies: PAN 
and pitch.

SEM Image SEI mode: 7 microns 
High resistance fiber from: 
Toray/France 

MEV JEOL 6400-F

Typical carbon fiber production line  from PAN precursor.
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Composites:
 carbon f& glass fibers
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Lamborghini –
Sesto elemento

Partnership: Lamborghini & Boeing

Cost: 2,2 Millions US$
(2nd more expensive car model in history !)
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The carbon big “new” family: 

 … from micro to nanosize materials !

Prof. Dr. Guilherme Frederico B. Lenz e Silva; Ing. CSP, MBA , Ph.D., SMAIChE / LM2C2 – PMT/POLI-USP – ABCARB : Keynote Lecture at the TLMC5 2024



What happens in the  nano-size world?

3D

2D

1D

0D

DOS : Density of states 

Nanoparticles 
Quantum dots
etc.

CNT 
(SWCNT, DWCNT,
MWCNT, etc.)

“Films”

D
O

S

“Bulk”

- High surface area

- Quantum size effects ;

- Changing on total energy : less bulk 
and more superficial energy;

-Defects of grains and nanoparticles;

- High catalytic properties due high 
surface area: particles and 
agglomerates;

- Optical properties;

- Mechanical properties; etc.

... Nano is the scale at which surfaces 
and interfaces play a large role in 
materials properties and interfaces
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Source: K.J. Klabunde, 2001

Agglomerate        Total number       Surface atoms
                               of atoms (%)              (%)

1 Shell     13 92

2 Shells 55 76

3 Shells 147 63

4 Shells 309 52

5 Shells 561 45

6 Shells 1415 35
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Thermodynamics of surfaces
U(S,V,N)
dU=TdS –PdV + µdN or 
U=TS-PV + µN, Inserting the associated factor with 
superficial tension, we have: 
U=TS - PV+ µN + γA,   where: 

U – Internal energy  
T – Temperature
S – Entropy  
P – Pressure
V – Volume 
µ -  Chemical potential
N – Number of moles  
γ - Superficial tension
A –  Surface area

V F      T
U G
S H      P

+

U =  f(S and V), than:
U = +T dS  - P dV

+

--

“Valid   Facts and    Theorical 
  Understanding        Generates 
  Solutions of  Hard   Problems”
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http://www.nanocap.eu/Flex/Site/Download07ab.pdf?ID=2256

Fly (Musca domestic)
Mass: 12 mg
Velocity: 7.2 km/h = 2m/s

1m

www.speedofanimals.com

Potential energy 
(mgh) = g * mass * height  … 
9,8*12x10-6 *1 = 1,176x10-7J

t1m = 0,5s

Remembering  ….  
1 erg = 10 -7 J and 1 erg/s = 10-7W

Eg: Bonding rupture energy  in a single 
crystal  is about :  γ ~1.200 erg.cm-2

Let’s  make an exercise calculation !
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Carbon
Structures 

(Hybridization)

Graphitehttp://www.cite-sciences.fr

 C60, C70, C540,  etc.

Lonsdaleite

Amorphous & carbon 
black 

http://webmineral.com

SWCNT
DWCNT
MWCNT

CNT

Diamond

http://www.nature.com

http://www.musee.ensmp.fr Graphene, r-GO, FLG

(Glassy Carbon  Model  -  
Jenkins G. M.
and  Kawamura, K.  - 1976)

Carbyns
& 

carbolite
R-[-C≡C-]n-R

Carbon 
cones &
onions

Carbon
 dots

The carbon
 family !

http://www.cite-sciences.fr/
http://webmineral.com/
http://www.nature.com/
http://www.musee.ensmp.fr/


Fullerenes

Buckminster Fuller, 
Ford rotonde du dôme, 1953
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”The most symmetrical large molecule”
• Discovered in 1985

- Nobel prize Chemistry 1996, Curl, Kroto, and Smalley 
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• Symmetric shape
→ lubricant

• Large surface area
→ catalyst

• High temperature (~500oC)
• High pressure
• Hollow

→ caging particles

• Ferromagnet ...
- polymerized C60

- up to 220oC

• Chemically stable as graphite
- most reactive at pentagons

• Crystal by weak van der Waals force 
• Superconductivity: - K3C60: 19.2 K and      - RbCs2C60: 33 K

Slide and images from:
Kai de Lange Kristiansen
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Carbon nanotubes and 
carbon nanofibers … 

Iijima

CNT first discovered by L. V. Radushkevich and  
V. M. Lukyanovich at: 1952 (Journal of Physical 
Chemistry, 62:88-95);
- Observed  by Endo, Koyama and Oberlin in  

1976 and;
- Finally described by  Iijima  at 1991.

Nanofibres: discovered in 1889,  US patent 
number:  450 e 480, by Hughes and  Chambers.

VGCF: Vapor growth
carbon fibers
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J. Cryst. Grow. 32
（1976）335-349

A. Oberlin,
M. Endo, e 
A. T. Koyama

Morinobu Endo
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Animation courtesy H. Nakahara and Saito Lab  

M. Endo, Ph.D. Thesis (1975)
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Armchair: n = m

Zigzag: (n,0)

Chiral: (n,m) m0
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Scanning electron micrographs (SEMs) of a SWNT ribbon 
(scale bar = 667 nm) 

(a) and a SWNT fiber (scale bar = 25 μm) 
(b) each showing the alignment of
the SWNTs within the structure.
(c) An optical micrograph of a SWNT fiber tied in
a knot showing the high flexibility and resistance to torsion 
(fiber diameter = 15 μm).

From B. Vigolo, A. Pénicaud, C. Coulon, C. Sauder, R. 
Pailler, C. Journet, P. Bernier, and P. Poulin. Macroscopic fibers and ribbons of 
oriented carbon nanotubes, Science, 290, 1331–1334, 2000.

M. Endo, K. Takeuchi, K. Kobori, 
K. Takahashi, H. W .Kroto and A.
Sarkar, Carbon, 33, 873-881 
(1995).
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• Young Modulus  (stiffness):
      Carbon nanotubes            1250 GPa

      Carbon fibers   425 GPa (max.)

      High strength steel             200 GPa

• Tensile strength (breaking 
strength)

      Carbon nanotubes             11- 63 GPa

      Carbon fibers  3.5 - 6 GPa

High strength steel                 ~ 2 GPa

• Elongation to failure :  ~ 20-30 %

• Density: 
Carbon nanotube (SW) 1.33 – 1.40 gram / cm3

Aluminium                                 2.7 gram / cm3
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Yield strength limit:  real  (experimental)  versus theory  (simulated)

http://www.nature.com/articles/srep20324/figures/3
http://www.nature.com/articles/srep20324/figures/2

(2106)

MV -  monovacancy;
STW -  Stone-Thrower-Wale defects
(created during processing)
PR -  “Pristine” (without defects )
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Mechanical properties of materials:
• Steel: 0,2 a 2 GPa
• Spider silk:  1 GPa  ( one specimen ): https://phys.org/news/2013-06-spider-silk-nature-stronger-steel.html)

• Carbon nanotubes filaments:  1,3 GPa 
• Single wall carbon nanotubes  (with helicoidally defects ):  30-45 GPa ,
     (http://www.nature.com/articles/srep20324) 

https://i.ytimg.com/vi/AyYH0LNW8yo/hqdefault.jpg

https://phys.org/news/2013-
01-nanotube-fibers-
unmatched-combination-
strength.html
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Synthesis methods

Large number of methods:
- CVD
- Catalytic combustion;
- Laser ablation 
- Plasma
 ...
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CVD – Chemical Vapor Deposition

Reactor atmosphere
Thermal gradient (temperature)

Type of catalyzers
Source of carbon (chemical compounds )

Pressure …
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Catalyzers 
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Catalyzers

“Volcano curve”: Catalyzer and CO (g) 
bonding - (Fisher-Tropsch reaction)

Surface Chemistry – 
by: Elaine M. McCash
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CVD – MWCNT 
(Industrial grade): +/- 95% purity

 

Mutiwall carbon nanotubes
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Purification step !!!
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Functionalization: 
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Organic functionalisation and characterisation
of single-walled carbon nanotubes -
Prabhpreet Singha, Stéphane Campidellibc, 
Silvia Giordanibd, Davide Bonifazibe, Alberto 
Biancoa and Maurizio Prato*b

Chem. Soc. Rev., 2009, 38, 2214-2230

… More than
 35 examples !
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SE – 10 kx

SE image of catalyst particles and CNTs

Chemical Vapour DEPOSITION

SE – 30 kx
SE – 100 kx

Ar + C2H2 +H2 Outgas

Heating

Heating

SE image of a MgO grain coated with catalyst

Guilherme Lenz  (Pos-doc Program) & Rafael Sá, PhD Thesis (IC London) - 2006/2009
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Substrate a “sandwich” of surfaces
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In-situ Formation: CVI

Pulsating
Vacuum
pump

Heating

Heating

High/Low pressure
cycling

Vacuum pump

N2(liq) Gas trap

Exhaust

Solenoid valve with ON/OFF timer

Gas flow control

Furnace

Gases

Leak detector

Detail of gas mixture and flow controls 
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Length:
3.4μm

Diameter:
343nm

Thanks to Dr. Rafael G. de Sá

In situ: MgO – MWCNT (CVI process) 
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CNT / polymer composite

• Current technology
- carbon black

- 10 – 15 wt% loading
- loss of mechanical properties

• CNT composites
- 0.1 – 1 wt% loading

- low perculation treshold
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MWCNT 
(50 nm)

Surface treated
(-OH)
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MWCNT 
(50 nm)

Surface treated
(-OH)

Prof. Dr. Guilherme Frederico B. Lenz e Silva; Ing. CSP, MBA , Ph.D., SMAIChE / LM2C2 – PMT/POLI-USP – ABCARB : Keynote Lecture at the TLMC5 2024



A3

1%wt CNT

A4

1%wt CNT

A5

1%wt CNT

A6

2,5 %wt CNT

A7

2,5%wt CNT

Key aspects:
viscosity;

dispersant 
chemistry;

temperature 
control;

 

&  mixing
 equipment

CNT + phenolic resin + dispersants
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CNT Dispersed in Phenolic Resin 

CNTs dispersed in binder 
matrix coating MgO grains

MgO

CNTs in binder

MgO

CNTs in binder

MgO grain coated in CNTs 
dispersed in the binder

Thanks to Dr. Rafael G. de Sá
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Graphene

Fulerenos

Nanotubos

Grafite 

Graphene
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The stability of graphene 2D? ... Came 
from the surface curvature !!

Red size: 
~800 nm

http://www.nature.com/nmat/journal/v6/n11/fig_tab/nmat2011_F1.html#figure-title

A. K. Geim & K. S. Novoselov.  The rise of graphene.  Nature Materials Vol 6 183-191 (March 2007)
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Graphene synthesis

1) Exfoliação mecânica
2) Exfoliação química
3) CVD (sobre cobre)
4) Remoção do silício do carbeto de silício Fan, X., Peng, W., Li, Y., Li, X., Wang, S., Zhang, G. and

Zhang, F. (2008), Deoxygenation of Exfoliated Graphite Oxide 
under Alkaline Conditions: A Green Route to Graphene
Preparation. Advanced Materials, 20: 4490–4493

Sais de potássio: inflamabilidade ao GO
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Lerf-Klinowski model
Chem. Phys. Lett., 1998, 287, 53–56

GO chemical model 
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Graphene & GO 
Natural Flake graphite

Exfoliated Graphite
-Chemical
-Thermochemical 

-Graphene oxide (-OH, COO, COOH, etc…)
- Single-atom-thick sheet of carbon with oxygen 
containing functional groups decorating its basal 
plane and edges sites
-Water soluble/monolayer (hydrophilic)
-Widely used as precursor for graphene synthesis
-Area/mass: 2650 m2/g 

New opportunities 
for castables, resin 
integration, pre-
mixing, etc.

New opportunities for 
Improvements on 
thermal conduction  
of carbon-oxides 
refractories.

Strong acids, nitrides, perchlorates, alkaline neutralization, etc...

where ρ ~ 1.8 g/cm3 (GO 
density) 
d ~ 0.42 nm (GO thickness)

Dinkin et al. Nature 448(26),2007

Schematic of GO monolayer
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Qiu et al., Explosive thermal reduction of graphene oxide-
based materials: Mechanism and safety implications, 
Carbon 72; 215-223, 2014.

Material/Chemical Chemical 
application

Decomposition
enthalpy, [Jg-1]

GO Precursor for rGO 1,400-1,700

Benzoyl peroxide Industrial chemical 1,602

Cumene 
hydroperoxide

Industrial chemical 1,219

Ethyl oleate ozonide Industrial chemical 684

Trinitrotoluene (TNT) Monopropellant and 
explosive

2,305

Hydrazine Monopropellant and 
explosive

2,980-4,906

Nitrocellulose Monopropellant and 
explosive

1,900-2,400

r-GO before and after thermal
 explosive reduction.

Thanks to Dr. Indrek Kulaots and Yang Qiu
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Automotive technology ...  
And the future of automobilist industry

https://www.mckinsey.com/industrie
s/automotive-and-assembly/our-
insights/how-the-auto-industry-is-
preparing-for-the-car-of-the-future 

Autonomous   /  Connectivity  /  Electrification  /  Smart Mobility

• Fuel economy & autonomy: Better engine + Better electronic control 
systems

• Combustion engines are changing to hybrids and electrical (Flexibility)
• Smart and software control
• Self driving technologies: more specialized + fast control (sensors & 

software)
• Safety

Hardware
&

Materials

Software
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New materials:

Reliable materials: 
- electromagnetic  shield;
- fast devices;

New sensors:

Recovery energy, 
autonomy & power:
- batteries & 
supercapacitors;

Smart coatings: touch 
technology
- smart glass (Man-
Machine interfaces)

(nano)-carbon based 
materials !
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Touch capacity and sensibility 

Carbon-Based Supercapacitors
Produced by Activation of Graphene

Science 24 June 2011: 1537-
1541.DOI:10.1126/science.1200770 
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Batteries, capacitors and supercapacitors

Energy
 density 

Power 
density
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Catalyst support (Fuel Cells)
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XRD

Thanks to Dra. Gisele Labat
(Posdoc at LM2C2 / USP, now at INPE)
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Energy storage (supercapacitors)

- +
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Electric double-layer 
80 – 110 F/g

*Commercial activated carbon (28-100 F/g)
Carbon xerogels from resorcinol (10-200 F/g)

First results

*Obreja et al, International Review of Electrical Engineering, 2010 5(1):272-282

Structured Activated Carbon from Black liquor-lignin carbonization 
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Sensors

Smart 
glasses

Energy storage
Structural 
composites 

Carbon application and future 
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Graphene in automotive industry  ... 
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https://www.sciencedirect.com/science/
article/pii/S1369702114002144

Applications:

• High speed electronics
• Data storage
• LCD smart windows and 

OLED displays
• Supercapacitors
• Solar cells
• Electrochemical sensing

10 year ago …
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Graphene ... 10 years ago



Creativity,
Ingenuity, 

Serendipity

~ 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 !

From lab to the 
market …

• Universities
• Center of 

technology for 
industrial 
applications

• Spin offs
• Start ups
• New companies
• Big techs …

https://www.science.org/doi/1
0.1126/science.ads4149

R. Van Noorden
Nature, 483 (2012), p. S32

Now …
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Graphene ... now



What changed … 
(after 20 years of graphene discovery !)

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 so on !

https://www.nature.com/artic
les/d41586-018-06939-4
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chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://cdn.ymaws.com/www.thegraphenecounc
il.org/resource/resmgr/standards/report/gcf_public_version0.1.pdf
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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 ) 

2004 report titled "Who Cares Wins",
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ESG give to the business:

- Clear PURPOSES

- LONG TERM VISION

- INTREGRATED VISION 

- VISIBILITY 

Business performance

Planet

People & Community
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Companies that perform 
better about these issues can 
increase shareholder value

ESG: Environmental, Social & Governance
CSR: Corporate Social Responsibility
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E - Environmental 
•Environmental Education 
  and Carbon Market
• Reforestation
•Renewable Energies

S - Social 
•Race/Colour Diversity
• Women in Management
• Inclusion
• Health
• Equity
• Training
• Safety
• Inequality

ESG

G - Governance 
• Government/Regulation
• Corporate Governance
• ESG Investments
• Innovation
• Compliance
• Risk Management
•  Accountability

• Decarbonization
• Climate Effects
• Recycling
•Environmental Preservation
•Energy Efficiency
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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!  E S

G
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https://www.un.org/sustainabledevelopment/news/communications-material/
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New materials: OPC (ordinary 
Portland cement) with graphene New companies, tech business, 

new products, new materials & Applications

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.

New plastic composites: high 
mechanical properties, less material 
use, recycling technologies based on 
graphene materials: chemical 
adsorbents  for metal recovery
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Graphene for pollutes 
removing & treatment , 
soil fertilizing, …

Graphene for wind blades composites
Graphene based solar cells
(…) 

High efficiency membranes for 
water filtration and treatment 

Low carbon footprint 
technologies: solar cells,
New batteries, 
carbon capture & storage,
Synthetic photosynthesis, 
…
 

Water pollution control technologies
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ESG – SDG & Graphene Applications



And  here ?   … It is about good 
Leadership & Vision ! 

                       … Simple like that !!!!! 

Communication
Ethics
Responsibility
Empathy
Actions
Integrity
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https://explorer1.jpl.nasa.gov/galleries/earth-from-space/

There is only one Earth ! …

 You should know by now …  There is no plan B !

Earth as seen 
from Saturn’s 
rings looks like 
a blue 
luminescent 
carbon dot ! ! !
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Brazilian Carbon Association / ABCARB – President 
Senior Member of AIChE – American Institute of Chemical Engineers
Strategic Decision and Risk Management Certificate Professional (Stanford University)
Visiting Scholar at Brown University (LEHN / School of Engineering)
Academic Visitor at Imperial College London (Department of Materials)
Postdoctoral Fellow at the University of Sheffield/UK (Department of Materials Science & Engineering) 
Ph.D in Materials and Metallurgical Engineering  from University of São Paulo  (USP)
MBA in Environment Technologies & Management  from Polytechnic School of Engineering (POLI-USP)
Certified Safety Professional from Federal University of Minas Gerais (UFMG)
Metallurgical Engineer from Federal University of Minas Gerais (UFMG)

Let´s talk with us about carbon ! https://abcarb.org.br/
Thanks
धन्यवाद
Aloha
Merci 
Gracias 
谢谢
Danke
Grazie
Teşekkürler 
Dziękuję
Спасибо (Spasibo)
Obrigado

Education changes people
People change the world !
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