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From loT to Internet of Everything (IoE)
A loT =Machineto-Machine(M2M) communications

A IoE extends IoT to includéachineto-People(M2P) and
technologyassisted”eopleto-People(P2P) interactions.
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Organic batteries for IoE
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O rg an I C S u Stal n ab I e Bio-material cell technology &
batte r| eS energy storage solutions

* Green — a sustainable world f

» Safe — for people and s
environment

* Scalable — production,

abundant supply
* Recyclable — dispose or re-use
ST , * Hexible — she_)p_)e and deS|gn
Organicpolymer * Cost competitive — materials
and design
Carbon&
Cellulose
Lignin
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The biopolymer lignin

A Plants contain ~20% of lignin

A Lignin is the glue in plants bringing
together cellulose as mechanical agent

A Extracted lignin : 50 million tons/y

A Potential production: 300 billion tons/y
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Lignin Is redox active
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Howcouldthe
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aromaticringif lignin is

aninsulator?
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Hemlcellulose

Hydroxyphenyl Gualacyl Syrmgyl

(H-group) (G-group) (S-group)
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Lignin - Nanoconductor Composite
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Lignin T Carbon Black Composite

Carbonblack Manualmixing Ballmilling

()
10-100 nm

| O

| S |
50-500 nm >1 ym

Thesmallerthe carbon
particles the more redox
groupsof ligninare
electricallyconnected the
higherthe chargestorage
capacity
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Ball milling

,] ——Manual mixing  (c) " | Chargingrate 1Alg (d) — Manual mixing
—— Ball milling ! —— Ball milling

Current (A/g)
<
Potential Vs Ag/AgCI (V)

24 Scanrate 5mV/s

02 00 02 04 06 08 0 5 10 15 20 25 30 35
Potential Vs Ag/AgCl (V) Capacity (mAh/g)

L
L ) L} T

Ballmillingis anefficientand simplewvayto make acompositehomogenousat
the nanoscalebring conductivityinto the lignin.

ACS Sustainable Chem. Eng. 2020, 8, 17933
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Composition and Morphology
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Simple argument suggests an optimawmpositionat 50/50ratio of lignin/carbon
Theballmilingtime is expectedto increaseand saturatethe capacity(ligninaccessible
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Composition and Morphology
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Lignin -carbon coated electrodes

LINKOPINGS
II.“ UNIVERSITET




Lignin -polyimide battery
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Aqueous -based organic batteries

A Nonflammable green and

W oresent work scalablebatterieswould require
Ll water-basedelectrolytes
> | A With organicelectrodes there is
S 0.8 a majorissuewith the self
= s discharge
© 0.4 Ny e A Agueouselectrolytesleadto high
e | | | s s ionic conductivity(not limiting
0.001 0.01 01 1 10 100 the power of the device

Self-discharge time (h)

Water-in-polyelectrolytesalt (WIPE) approach offers a solution
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Water-in-K-polyacrylate
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A Low-cost, printable

A Extremely high solubility (weight
ratio PAAK/water to 1:1)

A Nonflammable

A Bonded water and some water
clusters (free water)

W W S C II “ LINKOPINGS
WALLENBERG wWOOD Patented W0O2021144050A1 [ ) UNIVERSITET

SCIENCE CENTER



Electrochemical Stability Window (ESW)
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Low content of water leads to low leakage current
at low voltage and high ESW
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Lignin -polyimide battery
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Specific Energy (Wh/kg)

Lignin -polyimide cell in Ragone plot
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Conclusion

V Ball milling enables to bring the electrical conduction to the most intimate part

of lignin forming a homogeneous nanocomposite at low cost.

V Lignin and aromatic polyimide are low-cost redox polymers that are the basis

for cathode and anode of a cation rocking chair battery providing 0.9V.

V The main issue of self-discharge encountered in non-flammable aqueous

based organic batteries is solved by the concept of water-in-K polyacrylate.

V Water-in-PAAK provides an electrolyte with high ionic conductivity (~100

mS/cm) that is independent on the viscosity (from liquid to gel type)

V Polyimide-lignin rocking chair battery of high power and decent energy is a

possible alternative for IoE
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Conductivity Independent on Viscosity

# Advantageousor printing high power batteries
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Towards Zinc batteries
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Heavy spongy
Dendritic
Boulder
Layerlike
Mossy

Zn depositions

Dendritic growth leads

to high electric field

promoting the H

evolution reaction:

- Gas bubbles
destroy the battery

- Dendrites create
short circuits

The aim is to find an
electrolyte that prevents
the dendritic growth and
limits the HER.

| 2 dzf R -ig-2 I 13BN
be a good starting point?
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PAAK + ZnTFSI for Zn -battery

Lt ca Mg?* Zre+ lignin
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Lignin -Zinc battery
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