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Results
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Objective

Substitution of fossil-based carbonaceous electrode materials by bio-based activated carbon (AC)  

http://cleanmalaysia.com

Materials and Methods

Carbonization

of Biomass

Hydrothermal 

carbonization (HTC)

~ 2 - 10 bar

180 - 250 °C

~ 2 - 6 h

KOH activation
KOH/AC ratio 4:1

800 °C

Functionalizing with

metall-oxides or

heteroatoms

Bio-based

electrode

materials for

Supercaps

http://www.ecquologia.com

http://www.aks-heimann.de/aktivkohle

http://www.chemgapedia.de

https://www.biooekonomie-bw.de

Electrode materials for Supercaps EC measurement

 good electric conductivity (EC) = low resistance

 high specific surface area (SSA)

 appropriate pore size distribution (PSD)

 surface functionality for redox reactions = high pseudocapacitance

macropores

mesopores

submicro pores

outer surface

inner surface

micropores

Pyrolysis (PY)

~ 500 - 600 °C

30 - 60 min.

https://www.uni-hohenheim.de

Life Cycle Analysis (LCA)

𝜅 =
ℎ

𝑅∗𝐴

with

κ = electrical conductivity [S/m]

h = height of the sample [m]

R = electrical resistance [Ω]

A = area of the sample [m²]
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Elementary Analysis

BET Specific Surface Area [m² g-1]

Electric conductivity [S m-1]

• electrode materials for supercapacitors can be produced based on biomass precursors such as corncobs via a carbonization and activation process
• the produced biobased electrode materials show outstanding specific surface areas and good EC values
• the EC increases with the degree of carbonization (C-content)
• EC is positively correlated with the specific surface area in the case of biochar and activated carbon
• After doping the activated carbon with metal oxides, the electric properties of the respective metal oxide dominate the EC property
• Outlook: further analysis regarding the physico-chemical and electrochemical properties (especially capacity of the materials) is necessary
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http://onlineresize.club/pixie-club.html

1) Introduction
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1) Introduction

Supercaps

Capasso & Veneri 2015
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1) Introduction

Supercaps

https://www.slideshare.net/binghsieh5/printed-supercapacitors-2

https://www.railwaygazette.com/news/single-view/view/guangzhou-supercapacitor-
tram-unveiled.html

China‘s CSR ZhuZhou, first tram powered only 
by Supercaps.
 charged within 10 to 30 sec
 run 4km between charges
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http://www.erewise.com/current-affairs/fuel-cells_art52cfb5437ccb2.html

1) Introduction

Fuel Cells
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https://wiesoeigentlich.de/alternative-wasserstoffauto/

1) Introduction

Fuel Cells

Cao et al. 2007
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2) Electrode materials for E-Mobility – state of the art

ACEA 2018

Siemens 2014
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2)       Electrode Materials – state of the art

Graphene: the two-dimensional modification of carbon, discovered in 2004 
(side note: Al was discovered in 1820, the killer application was found in 1920)

Shedy et al. 2017, CHEMKON 2017, 24,Nr. 4, 341–354
Wang et al. 2017 Materials Today Physics, Volume 2, September 2017, Pages 6-34
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2)       Electrode Materials – state of the art

Energy Storage Market will surpass $100 Billion by 2025
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3)     Biobased electrode materials for e-mobility

https://www.netl.doe.gov/research/energy-analysis/life-cycle-analysis

Main Goal: Substitution of fossil-based electrode materials contribution to biobased resource
platform for bioeconomy
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• Corn Cob
• 600 °C

• KOH 
• 800 °C

• BET SSA
• REM-EDX
• XRD

Analysis I

• 5 wt% binder (PTFE)
• 15 wt% AB
• active area of electrode: 1cm2

• Cyclic voltammetry (CV): 
- three-electrode-cell
- electrolyte: 0,5 M H2SO4

• Electric conductivity (EC)

Activation

Pyrolysis

Analysis II

Electrode production

• AC-RuO-x (10wt% ≤ x ≤ 
40wt%)

• sol-gel method

Composite

3)     Biobased electrode materials for e-mobility
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Copyright: Downie, 2011

3)     Biobased electrode materials for e-mobility
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http://www.cumschmidt.de/s_leitf_el01.htm

~ 10-5 Ω cm
~ 107 S m-1

~ 10-2 Ω cm
~ 104 S m-1 

3)     Biobased electrode materials for e-mobility
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3)     Biobased electrode materials for e-mobility
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Process example II
HTC of coffee grounds

Coffee 
grounds

HTC
220 °C
5 h

HTC + 
Urea
220 °C
5 h

Activation
KOH 1:3
600 °C
120 min

Pyro
600 °C
120 min

Analysis
- physico-chemical
- electrochemical

4) Outlook
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Process example III
HTC of bakery waste

Bakery
Waste

HTC
200-240 °C
0 - 120 min

Activation
KOH or pyr.
600 °C
120 min

Analysis 
- physico-chemical
- electrochemical

Analyis
- physico-chemical
- electrochemical

4) Outlook


