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Green Materials:
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International e-waste shipments

Export of e-waste
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We dump 8 million tons of plastic into the

ocean each vear. Where does it all go?
Every ocean now has a massive plastic garbage patch
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Sometimes we are inspired by science fiction ...

CLICK to watch the video



Harry-Potter.mp4
Harry-Potter.mp4

Why paper?

Cellulose is nature's most common building
block.

In a bio-economy and circular-economy

in which renewable materials are one of
the keys to a more sustainable future,

2 LLULOSE@ has an aclive and a crucial role. ’
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Bacterial cellulose

» Produced by bacteria
Ex: Acetobacter xylinum

microfibril

sub-elementary unit ~4 nm
(1.5 nm)>™\  C )
nanofiber
TC subunit\‘ (40-60 nm)
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Work done @CENIMAT

Electronic devices




Thin Film Transistors - interstrate
structure

In 2008 ..

e-Paper
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Green electronics for the future

Paper-e®
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15t Paper transistor (office paper)

- Al (180 nm)
- GIZO (40 nm)

Cellulose (~75

. 1ZO (160 nm)

Source Drain

Semiconductor

Cellulose
(dielectric)

Fortunato, E. et al., High-Performance Flexible Hybrid Field-Effect Transistors Based on Cellulose Fiber Paper. IEEE

Electron Device Letters 2008, 29, 988-990.

Patent: E. FORTUNATO, R. MARTINS, P. BARQUINHA, G. GONLAVES, N. CORREIA, PROCEDURE FOR THE USE OF NATURAL CELLULOSE MATERIAL, CENIMAT i3N
SYNTHETIC MATERIAL OR MIXED NATURAL ANS SYNTHETIC MATERIAL SIMULTANEOUSLY AS PHYSICAL AND DIELECTRIC SUPPORT IN SELF- A || B .
SUSTAINABLE FIELD EFFECT ELECTRONIC AND OPTOELECTRONIC DEVICES; PTI 40053-09-PT. 4
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A. Vicente, H. Aguas, T. Mateus, A. Araljo, A. Lyubchyk, S. Siitonen, E. For.tunato, R. Martins, Solar
Cells for Self-Sustainable intelligent Packaging, J. Materials Chemistry A, 2015, DOI 10.
1039/C5TA01752A.
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World Health Organization

A ffordable
Sensitive
Specific
User-friendly
Rapid and Robust
Equipment-free

Delivered to those in need

The WHO established guidelines for developing

diagnostic tests adequate for developing
countries and resource-poor settings, which are

summarized under the acronym ASSURED

World Health
Organization
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Growing and Aging Population

In 2050, the population aged 65 and over is projected to be 83.7 million,
almost double its estimated population of 43.1 million in 2012.*

ation: 1950-2050
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Lab-on-Paper

d)

140 °C
2 min

Paper
front view
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Glucose biosensor

Wax
Pattern
Pattern
1 H PAD Printing
v Paper
Sheet

Paper Analytical Device

Hydrophobic
wax barriers

Reagent
Deposition

Encapsulation
(front)

Device

= Paper
Encapsulation

Sheet

Encapsulation
— (back)

Encapsulation

/ printed into the
paper surface

Lab-on-Paper
Device

Costa, M. N. et al., A low cost, safe, disposable, rapid and self-sustainable paper-based platform for :
diagnostic testing: lab-on-paper. Nanotechnology 2014, 25, 094006. CENIMAT | i3N
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Conclusions

All Cellulose Devices

tenna
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Healthcare
(aging population)
Water
Food
loT

Paper disru pt] ve
Applications
and
Applications mp paper
with more functions
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Requirements for Future Ubiquitous Electronics

123456"789012

Ultracheap/disposable
Scalable production of electronic inks

Seamless integration
Printable flexible electronics

Power management
Ultra low power electronics/
Energy conversion/storage

Efficient wireless communication
High speed electronics/
New devices for WIFI




W R e RN GRS TR TR ..m‘.-i&
3 -
) ot Y AR 4

CENIMAT '.‘E.'.'..

BT o T TATEARAL: . T DL

SERNEL



Acknowledgments - Current Projects

s ....; : European Research Council

PORTUGAL . ‘;.:.;.:.}3. 3 Eatablomhad by (b Faropean Commission
FCT o] P ——
Treriealen from anywhere In the world

hmdagao Ciéncia e 'Ibcno ogia

RRRRRRRRRRRRRRRRRRRRRRRRRRRRR

oY B e
y B
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Patentamt

European
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