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Towards printed lignin-
based batteries



Å IoT = Machine-to-Machine(M2M) communications

Å IoE extends IoT to include Machine-to-People(M2P) and 
technology-assisted People-to-People (P2P) interactions.

From IoT to Internet of Everything (IoE)

In the years to come, the 
number of devices requiring 
connectivity will move from 
billions to trillions.
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Highpowerenergystoragebecomesmore important than highenergy



Organic batteries for IoE

RagonePlot
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The biopolymer lignin

ACS Sustainable Chem. Eng.2016, 4, 1, 35

Å Plants contain ~20% of lignin

Å Lignin is the glue in plants bringing

together cellulose as mechanical agent

Å Extracted lignin : 50 million tons/y

Å Potential production: 300 billion tons/y



Lignin is redox active

Howcouldthe 
electrons reachthe 
aromaticring if lignin is 
an insulator?



Lignin - Nanoconductor Composite



Lignin ïCarbon Black Composite
Carbonblack Manual mixing Ball milling

The smallerthe carbon
particles, the more redox 
groupsof lignin are
electricallyconnected, the 
higherthe charge storage
capacity



Lignin

CB

Ball milling is an efficientand simple wayto make a compositehomogenousat 
the nanoscale: bringconductivityinto the lignin.



Composition and Morphology
lignin carbon

decreases

Simple argument suggests an optimum compositionat 50/50 ratio of lignin/carbon
The ballmilingtime is expectedto increaseand saturatethe capacity(lignin accessible)
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Composition and Morphology

45%
60 min

10 nm
CB

Adv. SustainableSyst. 
2022, 2200396



Lignin -carbon coated electrodes



Lignin -polyimide battery

Adv. Energy Sustainability Res. 
2022, 3, 2100165

Rockingchair-type of 
battery whereonly
cationsare
transported.

Oxidation releases M+

Reduction captures M+



Aqueous -based organic batteries

Å Non-flammable, green and 
scalablebatterieswould require
water-basedelectrolytes

ÅWith organicelectrodes, there is 
a major issuewith the self-
discharge

Å Aqueouselectrolytesleadto high
ionicconductivity(not limiting
the powerof the device)

Water-in-polyelectrolytesalt (WIPE) approach offers a solution



Water-in-K-polyacrylate

ÅLow-cost, printable
ÅExtremely high solubility (weight 

ratio PAAK/water to 1:1)
ÅNon-flammable
ÅBonded water and some water 

clusters (free water)

Patented WO2021144050A1



Electrochemical Stability Window (ESW)

1.2V

1.2V

Adv. Energy Sustainability Res., 
3: 2100165 (2022)

Low content of water leads to low leakage current 
at low voltage and high ESW



Lignin -polyimide battery

0.9V

PAAK/water = 1:2

goodselfdischarge goodcyclibility



Lignin -polyimide cell in Ragone plot

The highionicconductivityand 
the fast electrontransfer at 
electrodeleadto a highpower
device



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.

VWater-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

Conclusion



Ziyauddin Khan Ujwala AilJaywant Phophase

Acknowledgements

Divyaratan KumarMagnus Berggren Jakob Nilsson



WWSC is a joint research center at KTH, Chalmers and Linköping University

Xavier Crispin

Thank you

xavier.crispin@liu.se



Conductivity independent on viscosity

Å Highionicconductivity( =̀100 mS/cm) ÷ concentrationionsCK+

-> gooddissociation (fewέƴŜǳǘǊŀƭέ ion pairs)
Å Mw tunesthe viscositý  over 4 orders of magnitude
Å Molar conductivityɽ÷ diffusion coefficientD are independent on ́
-Ҕ έsuperionicέ ŘǊƛǾŜƴ ōȅ microscopicchainrelaxation dynamics
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Advantageousfor printinghighpowerbatteries

gel                      liquid



Towards Zinc batteries

Dendritic growth leads 
to high electric field 
promoting the H2

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.
/ƻǳƭŘ έ²ŀǘŜǊ-in-t!!Yέ 
be a good starting point?



PAAK + ZnTFSI for Zn -battery
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Lignin -Zinc battery
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