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Materials for Current Electronics and Displays

https://www.notebookcheck.net/ https://en.wikipedia.org/wiki/Electronics https://siliconsemiconductor.net/

Conductor (e.g., metals, metal oxides)
Semiconductor (e.g., silicon)

Insulator (e.g., metal oxide, polymers)
Circuit board (e.g., polymers; PCB)
Packaging (e.g., polymers)
Photoresist (e.g., polymers)

Display (e.g., glass, LCD, OLED)
Cases (e.g., polymers)
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Materials for Current Electronics and Displays

https://aboutsoft.top/53-Ig-rolled-up-tv-will-be-available-this-year.html https://news.samsung.com/us/galaxy-z-flip-unpacked2020-future-changes-shape/
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Conducting Polymers

Plastic: light, flexible, etc. But, electrically conductive!
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Beneficial for skin, textile, stretchable electronics
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Conducting Polymers
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Trans-polyacetylene

Polythiophene Folypyrrole Polyaniline
+ Mk + He=ct,
Poly(p-phenylene) Poly(p-phenylenevinylene)

Decent electrical conductivity after doping
Mechanical flexibilty
Solution processibility
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Why Electrically Conductive?

Traditional plastic: polyethylene —6CH2—CH2j—
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Conducting polymer: trans-polyacetylene \LCH CH7L
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Why Electrically Conductive?
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1. Conjugated n-system "

- Alternating single and multiple bonds
- Enabling band-like electronic structures
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2. Doping (chemically or electrochemically)

- Extra energy bands Valence band
- Charge carrier introduction
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Organic Mixed lonic-Electronic Conductors (OMIECs)
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lonic and electronic conductivities
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Organic Mixed lonic-Electronic Conductors

Organic mixed
conductor

Electrolyte Electrode

@ Dopantion injection and migration

@ Charge carrier (hole) stabilization by
dopant ion

® Charge carrier (hole) hopping

@ Charge transfer between active layer
and electrode

*All processes take place simultaneously.

Paulsen et al. Nature Mater. 19:13-26 (2020)

Electronic transport Electric/electrochemical

+ ‘ reaction with electrolytes ‘ Suitable for bioelectronics
lonic transport

Organic mixed conductors can transport not only electrical but also ionic charge
carriers, so they can be useful in interfacing ion-based bioelectric signals.
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Organic Mixed lonic-Electronic Conductors for Bioelectronics

Bioelectricity

Na*=141 mM
K* =33mM
Cl™ =124 mM

(cerebrospinal
fluid)

Nernst equation
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" Na*=10-20mM
K *=120-140 mM

“Resting membrane potential”
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Organic Mixed lonic-Electronic Conductors for Bioelectronics
Wearable Implantable

e _ Deep brain
neurostimulators

Vagus nerve
stimulators

Electroencephalography (ECG)
sensors - -

Pacemakers

— — - Gastric stimulators

Motion,_ _ _ _ _ _ _ _ _ _
touch Sensors

Foot drop
stimulators

Thermo-, piezo-
resistive sensors

Many different types of bioelectronic devices have been developed for biological
signal recording, infétifiatioh™pr8cessing, and stimulation. 12



OMIEC Fibers for EMG and Sweat Sensing

Stitched fibers Washing fabric After drying
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Polymers for Future Electronics
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Pollution By Petroleum-based Non-degradable Plastic

ST
A

https://egyptindependent.com/ocean-plastic-predicted-to-triple-within-a-decade/ https://www.scientificamerican.com/
2020 2050
one ton of plastic more plastic
for every three tons of fish than fish
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https://www.dw.com/en/plasticsrto@vgeighMishgittaceans-by-2050-study-warns/a-18990459 15



E-waste
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Conductor (e.g., metals, metal oxides)
Semiconductor (e.g., silicon)
Insulator (e.g., metal oxide, polymers)
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Green Electronic Materials
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Polylactic acid (PLA)
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Silk Film
(80 pm)

Oxide layer
Transient device:

e

Silk fibroin

Guo Wenxi et al
Small 2019
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Rong Zhao et al
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Metal electrode
(600 nm Ag NFs)

Eco-Flex

(1-1.5 mm)
Metal electrode
(600 nm Ag NFs)

Silk Film
(80 um silk film)

Polyethylene glycol (PEG)
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Nanocellulose

Crystalline F _A-morphous

Cellulose fibrils |
£ regions regions

* Width 5-30 nm
* Length >1 ym  ~

@ Pretreatment and shear
\
|

Cellulose nanofibrils (CNF)
‘ * Diameter ~5-30 nm

4 1 * Length >1 um & 1 . '

& BE

Wood cellulose fiber @ Hydrolysis with strong acid

* Width 30-40 um
OH OH lul tal N
« Length 1-3 mm Cellulose nanocrystals (CNC)

OH * Diameter ~2-20 nm
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DOI: 10.5772/intechopen.77025
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Nanocellulose from Natural Waste?

Bacterial cellulose

Single microfiber Ribbon
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Other Natural Waste Materials from Ocean
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Rankings of Industrial Raw Materials

. World Production Value lorld Production Value
Crude Oil $2 4 Trillion 2014 Timber/Lumber 5170 Billion 2015

Russiao: 13% USA: 24%
1 Saudi Arabia: 13% 5 Russia: 9%
USA: 12% China: 5%

World Production Value orld Production Value
$715 Biion _§ 2014 S1195ilion §) 2014

USA: 20% China: 14%

2 ) 2
Russia: 16% 2 Australia: 9%
(11} Iran: 5% Russia: 8%

World Praduction Value World Production Value
S445 ilion @ 2015 o @ S @ 201

China: 51% China: 45%
India: 6% Australio: 22%
USA: 2% Brazil: 10%
World Production Value World Production Value

Codt $324 Billion 2014 $95 Billion 2015
China: 47% China: 29%
4 USA: 13% 8 Brazil: 24%
Indonesia: 7% India: 6%
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World Oil and Gas Uses

Oil and gas uses

Other -
Chemicals B 4%
Plastics -4%

Chart: The Conversation, CC-BY-ND - Source: British Plastics Federation

https://plastics.com/polymer-news-technology-today-world-production-of-plastics/polymer-news-technology-today-oil-gas-

uses-700x525/
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Fossil Fuel Dependence: Climate Change and Air Pollution
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Commercial Plastic Production

Plastic around the globe

The term “plastic” covers many different types of polymers, each produced in many millions of tons in 2015.

PP

LD and LDPE
PP&A fibers
HDPE

PVC

PET

PUR

PS

Additives
Other

Chart: The Conversation, CC-BY-MWD - Source: Science Advances (2017) - Get the data
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Renewable Energy and Materials
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Electricity Electrolysis Hydrogen Gas
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TREES ARE CUT DOWN IN

SUSTAINAELE FORESTE AND ROLLS OF PAPERS ARE USED TO
COMBINED WITH RECYCLED PRODUCE THE DAILY NEWSPAPERS RAW MATERIALS / COMPLETED CARS
PAPER. THIS IS COMVERTED 'I'O AND MAGAZINES THAT WE ALL READ. RECYCLED MATERALS AND MANUFACTURED DRIVEN OUT
WOOD PULP AND THEN AND ASSEMBLED
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PROCESSED BACK INTO PULP. r
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MEW PULP FROM TREES AND
PROCESSED INTO LARGE
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Thanks for Your Attention
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