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Outline
• Human-made carbon materials from renewable 

resources
• Electrospinning of lignin-PVA to a fibermat and its 

carbonization to carbon fiber network
• Ice-templating of lignin-cellulose aerogels and their 

carbonization to carbon aerogels 
• Their use as electrode materials in supercapacitors
• Plan for the WISE project
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• Lightweight 
• Hierarchically porous structure
• High surface area 
• Free standing

Human-made carbon materials:
Carbon aerogels and carbon fibers
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Electrospinning of lignin-based nanofibers

Solid content: 20 wt%
Lignin: PVA ratio = 75:25

Wei et al ACS Appl Energy Mater. 3, 2020, 3530; 
Wei et al, ACS SC&E 9, 2021,36,12142

SEM image of the as-spun fibers



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y ,  S W E D E N  5

stabilized sample SEM image of the stabilized fibers

carbonized sample
SEM image of fibers carbonized at 1400 °C

Carbonization

Wei et al ACS Appl Energy Mater. 3, 2020, 3530



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y ,  S W E D E N  6

Electrochemical performance

Wei et al ACS Appl Energy Mater. 3, 2020, 3530

• CVs of 800 1000 ºC had larger area under the curve and higher specific 
capacitance

• Higher carbonization temperature resulted to lower performance
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All solid-state supercapacitors

Wei et al ACS Appl Energy Mater. 3, 2020, 3530
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Carbon aerogels of lignin and nanocellulose 

• Solid contents 3, 5, 7 wt%
• Lignin/CNF 75:25
• Cooling rates, 5, 7.5, 10 K/min
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Effect of ice-templating parameters on the structure

Thomas B, et al. ACS Applied Nano Materials,  5, 2022, 7954-7966.   
https://doi.org/10.1021/acsanm.2c01033

https://doi.org/10.1021/acsanm.2c01033
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CA with the highest SSA show largest number of microporosity (2-5 nm)

3D µ-CT

Effect of ice-templating parameters on the aerogel structure

Thomas B, et al. ACS Applied Nano Materials,  5, 2022, 7954-7966.   https://doi.org/10.1021/acsanm.2c01033

https://doi.org/10.1021/acsanm.2c01033
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Electrochemical performance of carbon aerogels

• Near rectangular shaped CVs and CA7.5C7W having highest area under the 
curve.

• Highest specific capacitance 410 F g−1 at 2 mV s −1 

• Charge discharge cycling stability 94% (4500 cycles)

CA7.5C7W

Thomas B, et al. ACS Applied Nano Materials,  5, 2022, 7954-7966.   https://doi.org/10.1021/acsanm.2c01033

https://doi.org/10.1021/acsanm.2c01033
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Solid carbon composite electrodes

• Develop porous carbon structures, ice-templating and electrospinning, 
impregnated with solid polymer electrolyte 

• Model the flow behavior of the electrolyte and interaction with carbon
• Evaluate sustainability

Lignin aerogel Carbon aerogel
Composite
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Summary
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Thank you 
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