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Porous materials
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Micropore <2nm _Three- Non-specific
dimensional
Mesopore | =22 <50 nm Capillary Specific
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Starbon® technology

m A * Patented (2 patents)
* Orange peel o peel * Well-established (26 papers published)
\_ Bio-waste Y.

* Sustainable (polysaccharides are
Natural polymer extraction and expansion renewab|e and WIdEly ava”able)

v

T— Starch * Inexpensive feedstock (starch, alginic
Polysaccharides :Tgcltr:?c . acid, pectm)

o * Simple (two stages process)

Carbonisation. 150 — 1100°C

)\ * @Green (avoiding use of harmful chemicals;
Novel type uses green solvents (water, ethanol))
STARBON Mesoporous
Carbonaceous
Materials

ANGEWANDTE, 2006, 45,3782-




Starbonisation
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Starbon Properties :

e Tuneable surface functionality

e High mesoporosity (up to 2.0 cm3/g)
e High surface areas (up to 500 m?/g)
e Controllable electrical conductivity
e Particulate / monolithic forms




Starbon® Micro- and Mesoporosity (HTEM , Porosim
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Starbon® Macroporosity (SEM)
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Starbon® Monoliths




Starbon —activated carbon comparison

Typical size of Activated
yII)nolecules Carbon Starbon®
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Starbon® functionality

Starbon functionality
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Expanded starch application: Synthesis of
nanoparticles

 The nanoparticle size
distribution was controllable
by pore structure of
Expanded Starch

Intensity

Pore diameter, nm : o e :‘ Y s

Green chemistry , 2008, Vol.10(4),




Starbon® application: acid catalysis

-a— Succinic ac
—e— Fumaric aci
—4— [taconic acil

-
-
o

N 1 )

HO OH -
™A,

Succinic acid

0.8
HQ OH
)/’),/\ +2EtOH  CH:Q oL ]
—_— —R)— <
I r<— ™\

-2H,0

Itaconic acid

OH
I,

Fumaric acid ™

= -
L
A 1 A 1

Normalysied catalitic activity
U
o =]
N (2]

300 400 500 600 700 800
Temperature of Starbon® preparation, i -

v' Each acid is catalysed by Starbon prepared at
specific temperature for that acid.

Chem.Eur.J., 200




Starbon © application: Chromatography.

A) Separation of 50 uM standard
solution of a mixture of
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Starbon ® application: SPE cartridges Flavonoids
separation

Hom ‘
1. Umbelliferin 4 Catechln “~a
z. Daldzem Narlngemn .
‘ i - L,
O OMe

6. Dladzm 7. Hesperidin

u Go X -

1. Phenol I1. 1,2 Diphenol III. 1,3 Diphenol IV. Carbonyl ° V. Saccharide

Faraday discussions. , 2017, Vol.202, p.45




Starbon ® application: SPE cartridges Flavonoids

separation
E Irreversible adsorption - Recovery
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Pressure swing CO2 adsorption
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Samples exposed to 5 bar CO, for 30 minutes at RT, weighed, then exposed to
vacuum at RT and weighed again to get the % mass change. This was

repeated 5 times to give the error bars.
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Starbon® for separation of precious and earth
metals

» Starbon® has been used to adsorb precious metals (Au, Pt and Pd) from a complex
mixture also containing similar concentrations of earth abundant metals (Ni,Cu and Zn).

» The experiments were also carried out to simulate ‘more realistic’ situations where the
non-precious elements were more concentrated than the precious metals.
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Starbon®

Green chemistry, 2015, Vol.17(4), p.2146-




Starbon® for the adsorption of precious metals

a) 100 - ] b)

% » Good adsorption of precious
metals and minimum adsorption
of Ni, Cu and Zn.
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a) Metal removed from 30 ml of an HCl solution
when 50 mg of adsorbent were added (%) and b)
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Industrial waste as a source of critical metals ?

Bottom ash
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Pulverised fuel ash -S800 System
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Contribution to POROUS4APP

Project management
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WP1. Nanoporous carbon requirements
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CONTROL
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........ DEVELOPMENT ) I
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WP6 NANO-SAFETY AND ENVIRONMENTAL EVALUATION

Interaction with users

VMI - development and provision of MMO-starbon composite materials
JM (Nigel Powell, Sarah Ball, James Cookson, Fang Liu) - development and provision o

based hydrogenation catalysts and battery components

IBERCAT - development and provision of starbon based decarbonylation catalysts

dissemination & exploitation

Porous
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Interactions with

LEITAT - comparisc
starbons to IL based
CNRS - development
alkoxide based syste
BDC - interaction to t
knowhow and aid in sca
LEITAT/EMPA nanosafet
ICIQ/CNRS modelling



