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Biomass Combustion Ash – BCA

➢ Estimated 5 – 8 Gt biomass produced globally with potential for energy applications; 

➢ Mean combustion ash yield of 6.8% [1];

➢ Potential for production of approximately 500 Mt BCAs annually.
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Investigated Materials
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Fly Ash – FA Bottom Ash – BA
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Biomass Ash as an Adsorbent 20 May 2022
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Class C

Class F

Unburnt 
Carbon

• Fe2O3 + SiO2 + Al2O3   (> 70%)

• Mesoporous silica 

• Zeolite

• High carbon ash

• Isolate/concentrate carbon

• Activated carbon

• 50% ≤ Fe2O3 + SiO2 + Al2O3 < 70% 

• Ca (> 10%)

• Direct carbonation
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Fly Ash Characterisation
Physical Properties

BET + BJG

• Surface Area = 9.4 m2/g

• Avg. Pore Size = 7.3 nm

• BJH Pore Volume = 0.01 
cm3/g
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EDS

Quartz

• SiO2

Mullite

• 3Al2O3SiO2,

• 2Al2O3SiO2

Boehmite

• AlO(OH)

Calcite

• CaCO3

Portlandite

• Ca(OH)2

Lime

• CaO

Periclase

• MgO

Potassium 
Oxide

• K2O

Kalicinite

• KHCO3

Hematite

• Fe2O3

XRD
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Element wt%

O 51.8

Na 1.7

Mg 2.0

Al 9.2

Si 14.3

P 0.1

S 0.7

K 7.9

Ca 8.5

Fe 3.8

10μm
1kx

10μm
5kx
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Zeolite Synthesis – FA
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Fly Ash

Fused Product

Zeolitic Adsorbent
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Investigated Materials - BA
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Bottom Ash – BA BA-Carbon 

Extraction

Grinding

Sieving

Drying

+

+
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BA-Carbon Characterisation
Physical Properties

BET + BJG

• Surface Area = 2.6 m2/g

• T-Plot Micropore Area = 1.6 
m2/g

• Avg. Pore Size = 21.56 nm

• BJH Pore Volume = 0.01 
cm3/g
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Element wt%

C 65.8

O 30.1

Al 0.4

Si 1.1

Ca 2.6

EDS

Raman

H2O VOC C Ash

6 % 35 % 52 % 7 %
Proximate Analysis

FTIR
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10μm 5kx
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Performance - TGA
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• 50 °C

• 1 atm

• 100 mol% CO2

FA-ZEO – 0.825 mmol/g 

BA-Carbon – 0.495 mmol/g 
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Conclusions and Future Work

• Evaluation of suitable routes for biomass ash applications in post-combustion 
carbon capture.

• Proof of concept:

• Extraction of carbon from biomass bottom ash

• Synthesis of zeolitic adsorbents from biomass fly ash

• Potential for implementation in CO2 adsorption

• Performance needs significant improvement:

• Improve zeolite crystallinity

• Activation of extracted carbon

• Assessment of viability
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Research Output

Influence of Surface Modification on selective CO2

Adsorption : A Technical Review on Mechanisms and
Methods.

• Petrovic, B.; Gorbounov, M.; Masoudi Soltani, S.

> Published in ‘Microporous and Mesoporous Materials’
journal in 2021.

> Available online: 10.1016/j.micromeso.2020.110751

> Still the most downloaded article in the last 90 days

Biomass Combustion Fly Ash-Derived Nanoporous
Zeolites for Post-Combustion Carbon Capture

• Petrovic, B.; Gorbounov M.; Lahiri, A.; Masoudi Soltani, S.

> Full conference submission to IEEE Nano 2021 

> Available online: 10.1109/NANO51122.2021.9514342

> Awarded best paper

Application of Nanoporous Carbon, Extracted from
Biomass Combustion Ash, in CO2 Adsorption

• Gorbounov M.; Petrovic, B.; Lahiri, A.; Masoudi Soltani, S.

> Full conference submission to IEEE Nano 2021 

> Available online: 10.1109/NANO51122.2021.9514288
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Thank you!

Q&A

E: salman.masoudisoltani@brunel.ac.uk

T: +44 (0)1895 265884
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