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Biomass Combustion Ash — BCA
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» 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.

1. Vassilev S V., Baxter D, Andersen LK, Vassileva CG. An overview of the composition and application of biomass ash. Part 1. Phase-mineral and chemical composition and classification. Fuel [Internet]. 2013;105:40-76. Available from:
http://dx.doi.org/10.1016/j.fuel.2012.09.041
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Fly Ash — FA Bottom Ash — BA
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Biomass Ash as an Adsorbent

* 50% = Fe, 05 + SIO, + Al,O; < 70%
« Ca (> 10%)

 Direct carbonation

« Fe,O; + SiO, + Al,O; (> 70%)
« Mesoporous silica

« Zeolite

* High carbon ash

Unburnt * |solate/concentrate carbon

Carbon  Activated carbon
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BET + BJG
« Surface Area = 9.4 m?/g XRD
* Avg. Pore Size = 7.3 nm
 BJH Pore Volume = 0.01 Mullite
cm?3/g * 3A1,0,Si0,
- 2A1,0,Si0,
EDS
Boehmite Calcite
O 51.8
Na 1.7 Portlandite
Mg 2.0 * Ca(OH),
Al 9.2
Si 14.3 Periclase Potassium
P 0.1 « MgO Oxide
S 0.7 ° KO
K 7.9 Kalicinite Hematite
Ca 8.5 - KHCO, * Fe,0;
Fe 3.8
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Zeolite Synthesis — FA

IS T

Ground in pestle + mortar

Fused @ 550 C for 1 hr (10 *C/min)
Fused product pulverised
Dissolution in 100 mi DI water

Magnetically stirred in PTFE vessel at
room temp, 300 RPM for 16 hrs

Fused Product

PTFE vessel heated to 90 °C @ 5 “C/min
and held for 4 hrs

Cooled to room temp, decanted and then
separated by vacuum filtration

Product washed with D.l. water to pH 7 and
dried at 110 °C ovemnight

Zeolite
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Bottom Ash — BA BA-Carbon
4 \ Drying
+
Grinding

+
Sieving
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BA-Carbon Characterisation

Physical Properties EDS
BET + BIG
«  Surface Area = 2.6 m?/g C 65.8
* T-Plot Micropore Area = 1.6 @) 30.1
m?2/g
Al 0.4

* Avg. Pore Size = 21.56 nm

« BJH Pore Volume = 0.01 = Lol
cm?3/g Ca 2.6

H0 | voc | _C_| Ash |

Proximate Analysis
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Performance - TGA
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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 CO, adsorption

« Performance needs significant improvement:
» Improve zeolite crystallinity
« Activation of extracted carbon

« Assessment of viability
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Microporous and Mesoporous Materials

Influence of Surface Modification on selective CO,
Adsorption : A Technical Review on Mechanisms and

Methods.
Influence of surface modification on selective CO, adsorption: A technical %
° Petr0V|C, B, Gorbounov’ M, Masoudi So|tan|’ S. review on mechanisms and methods

Ben Petrovic, Mikhail Gorbounov, Salman Masoudi Soltani

> Published in ‘Microporous and Mesoporous Materials’ egrmentofCherkcl Egoeriog, S Unibrtsy Lo, Ui U3 37, Unied Koo
journal in 2021.

journal homepage: hitp: /www.elsevier.com/locate/micromeso

LES

ARTICLE INFO ABSTRACT

The mitigation of climate change, abatement of greenhouse gas emissions and thus, fundamentally, the sepa-
ration of Oy from various gas streams are some of the most pressing and multifaceted issues that we face as a
soclety. De-carbonising our entire civilisation will come at a great cost and requires vast amounts of knowledge,
initiative and innovation; yet, no matter how much time or money is spent, some sectors simply cannot be de-
o carbonised without the deployment of carbon capture and storage technologies. The technical challenges asso-
ciated with the removal of €0, are not universal — there exists no single solution. Capturing the €Oz on solid

> Stl I I th e m O St d OW n I O ad ed art | C I e | n th e I ast 90 d ayS sarbents has been gaining traction in recent years given its cost-effectiveness as a result of its ease of application,
relatively small energy requirements and applicability in a wide range of processes. Even with the myriad ma-

terfals such as zeolites, carbons, metal organic frameworks, mesoporous silicas and polymers, the challenge to

identity a sorbent with eptimal capacicy, kinetics, selectivicy, stability and ultimately, viability, still persists. By
. . . tailoring these solid materials through comprehensive campaigns of surface modification, the pitfalls of each can
BlomaSS Combustlon Fly Ash_De erGd Nanopo rous be mollified and the strengths enhanced. This highly specific tailoring must be well informed so as to understand
the mechanisms by which the CO; is adsorbed, the surface chemistry that has influence on this process, and what

. . methods exist to facilitare the improvement of this. This review endeavours to identify the surface functional
Zeolites for Post-Combustion Carbon Capture T e e e e e o S
can be introduced. It also provides a comprehensive review of the recent attempts and advancements made

within the sclentific iy in the experi ications of such methods o enhance CO; capture via

adsorption processes. The primary search engine employed in this critical review was Scopus. Of the 421 ref-
erences cited that embody the literature focussed on surface modification for enhancing the selective adsorption

° PetI’OVIC, B’ Gorbounov M1 Lahlrl, A’ MaSOUdI SO“ZanI, S of COs, 370 are original research papers, 43 are review articles and 7 are conference proceedings.

> Available online: 10.1016/j.micromes0.2020.110751

> Full conference submission to IEEE Nano 2021 (' The most downloaded articles in the last $0 days

> Available online: 10.1109/NANO51122.2021.9514342 Reviewaide  Opn e Researcharicle & Opn s

Influence of surface modification| Bacterial cellulose assisted
> Awarded best paper on selective CO, adsorption: A synthesis of hierarchical

technical review on mechanisms pompon-like SAPO-34 for CO,
Application of Nanoporous Carbon, Extracted from | 2ndmethods | adsorption
. . . . Ben Petrovic, ... Salman Masoudi Soltani Jie Gong, ... Lixiong Zhang
Biomass Combustion Ash, in CO, Adsorption january 2021 January 2022
& Download PDF o, Download PDF

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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Q&A
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Brunel University London Biomass Combustion Ash in CO, Capture 13


mailto:salman.masoudisoltani@brunel.ac.uk

