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\ Waste-derived SlLica-based porous solids for
Carbon diOxide capture, storage and re-use
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‘Waste-derived SliLica-based porous solids for
Carbon diOxide capture, storage and re-use
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Annual CO, emissions 2024

in tonnes . o .
Carbon dioxide (CO,) emissions from fossil fuels and industry. C02 emissions from com bus‘“on
40 billion t M World 38.60 hillion t \ d . d .

World and industry processes is
st bl ¢ constantly increasing over time
30 billion t l
25 billion' ﬁ Need for robust strategies
N J to invert the trend

20 billion t

15 billion t l

10 billion t
‘\\y DECARBONIZATION PROCESSES
5 billion t
Ot r T T T T T 1
1900 1920 1940 1960 1980 2000 2024
Data source: Global Carbon Budget (2025) OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY
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Solid waste-derived materials Cleaner production and

circularity concepts

Promising CO,

wastes for synthesizing silica-based reduction
sorbents

@ The use of silica-containing solid Waste pollution
materials is becoming of broad interest

Silica (Si0,) commercial production is Solid waste-derived materials

expensive and environmentally severe could provide technology with
- competitive processing costs
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/HF industrial production;
"’02::' /Can + H,50, — CaS0, + 2HF\
o e Si0, +4HF - SiF, + 2H,0
FLUORIDRIC ACID FLUORIDRIC , _ ,
PRODUCTION ACID 3SiF,+ 2H,0 — 2H,SiF 4 + Si0,

A hazardous and corrosive " compound as impurity in CaF;
by-product of HF l

Hexafluorosilicic acid (FSA) ‘ \ SiF,+ 2HF — H,SiF, )
x o Wi

. |F. | 4F o @ SETW - '
2H . - S| - ' A - \ 4
F~ ||= ~F  — FLuorosiLicicacp ’ POROUS SILICA ‘,@\'
l ¢ Si0, is the major impurity

(0.5-1.5 wt.%) of

I Production of more than '
acid-grade fluorspar (CaF,)

H 2-10° tons per year
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Mesoporous silica: a promising material for CO,
adsorption and as a support for methanation catalysts

\/ High surface area \/ Adjustable pore structure \/ Particular surface chemistry

Scopus Database:
CO, + methanation + catalysis + support

Documents

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Year
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‘Waste-derived SliLica-based porous solids for
Carbon diOxide capture, storage and re-use
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Carbon Capture, Storage and Utilisation

- ———————— -

CO, from
combustion

Green

A\ 4

l

.:..)
N\

/
Renewable sources Electrolysis N Q ------ - CO, from biogas

Sabatier reaction
CO, +4H, - CH, + 2H,0
AHO =-165 ki mol™
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G1. Synthesis of an innovative
porous matenial with tailored and

improved properties via waste
valorization for CO, capture

G2. Network creation to enable

G4. Production of functional

EO1. Waste abatement by means
J o circutar economy principies
adoption
EO2. Increase availability and
B efficiency ol green energy systgrm
in Italy and in Europe, decreasing
import dependence
EO3. Negative emissions from
| industrial process, in a vision of
performing carbon-neutral society

EO4. Contribution to and
promotion of research and
development of innovative
waste-derived materials and
technologies fro short- and

long-term CO, trapping

O Mmupanagﬂ:emn pfocesse:d I EOS. Positive impact on climate
map skills mismatches a . change, revaluing CO, emissions
competence gaps on green energy °
production, and Developmen!
sustainable-by-design skills it?dsap*nuy nemaknd
A knowledge and skills, coming from
different disciplines
G3. Equipping waste-based EO7. Education and diffusion of a
system for CO2 abatement and common understanding of
transformation in fuel material by sustainable-by-design principles
means of a modular and when applied to materials based
standardized unit with a lonaﬂ«ia“guidngpﬁﬂdp‘“
perf ¢ at least comparable strengthened collaboration and
1o non-waste-derived materials information exchange of supply
already present on the market chain

EO8. Involvement of society in
energy and natural safeuarding

EO9. Start a competitive transition

materials enabling the optimized of the market moving to more
design of components and sustanable and circular
structures with minimal impact on 8 economy-based solutions,
the environment revalorizing wastes and providing
new business opportunities

EO010. Contrribute to funtional

am materials science research
TS development and set new levels of

sustainabity
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Essential objectives
of the project

1 RESPONSIBLE

Development of Waste-derived Sorbent Matrixes A PODLETOn
(WSM) based on silica and/or modified silica CO

13 fonov

Strategic and efficient CO, capture, storage and re-use

High yield and selective e-fuel production
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Framework

ﬁ ] B2
I:LRenewabIe energies )
STEP 2: CO;
METHANATION

GREEN FUEL

CATALYTIC ROUTE

CO, Capture and Utilization
by Dual Function Materials

STEP 1: CO,
/ ADSORPTION
caféi‘\FETURE CO.-free Flue Gas
AND UTILIZATION Methane
SORBENT ROUTE
CO, Capture

by Amine-Functionalized Materials

SILCO project () Missione 4 e Istruzione e Ricerca




Finanziato Ministero

DEGLI STU Dl @

Universita

dall'Unione europea dell’Universita Italiadomani ( @
di Genova

NextGenerationEU < A - deua Ricerca D RIFRESA £ RESILIENZA S
%%%M[LANOM

000000505

==} UNIVERSITA’
ONVTIN I

()
=
()
(-}
=

2. Design of waste-derived silica
and CO, Capture Application

Lorenzo Vigano

| |

B2 e

s ) POLITECNICO e I
AND LTILIZATION L4 MLANO 1863 (§ %
SORBENT ROUTE e, B z
GIULIO NATTA B I n “ c c A
CO, Capture
by Amine-Functionalized Materials
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Hexafluorosilicic acid production and valorization Conversion of FSA into SiO,
Neutralization wit

h Na,CO, Neutralization with NH,OH

S
P

HF production Phosphate ores

from CaF, Hexafluorosilicic acid (FSA) Leaching for fertilizers
* Water fluorination

\ F 2=
 |Fe. I SF %
2H" o 'Si
‘ N

Y 4 » F _ : 2,00 um
Neutralization in sea Limited applications « AlFysynthesis AT Lo
- + Metal surface treatment / Low-cost V/Easy-process
s
£
2. Amine functionalization enhances CO, adsorption capacity 1. Higher surface area through soft templated synthesis

Carbonate

Si precursor Porous SiO,

o9
o
= W o
RS
?@Templating

agent
i

[1] Montini, D., et al. Materials, 16 (2023) [2] Sarawade, P. B. et al. J. Hazard. Mater., 173 (2010), 576580 [3] Vacca, M. A., et al. ACS Sustain. Chem. Eng., 8 (2020), 14286—-14300
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Pluronic P123 PEG 20 kDa Washing

o AR DR
2H* F"--~S|i F NH, 25%, RT, 1h NH; 25%, RT, h NH,F

F7 | F CTAB 550°C, 6h

F X >

| _ ~ .
Hexafluorosilicic acid NH. 25% 60°C. 2 h Br Templating /\CO +H.0 :

(FSA) . agent 2" 27 Porous Si0, X

ATR-FTIR

SEM-EDX

Si0, CTAB

\ 3000-3500 cm™!

Q
E O-H stretching
€
2
g 1098 cm'?
e
N
©
£ \
2
—— Si0, CTAB ATR-FTIR
—— Sio, P123 All samples show the main SiO, IR signals
——Si0, PEG
——— and no traces of templates or NH,F
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

SILCO project

Si0, P123

SEM-EDX + XRF

Fluorine is efficiently
removed, with a [F] £0.33 %

Vacca, M. A, et al. ACS Sustain. Chem. Eng., 8 (2020), 14286-14300
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Characterization of porous SiO,: morphology

b

m nm
< . ; o Vo 15 g = 9 e
L_) Aggregates of >100 nm primary particles o Particles with sheet-like shape °-N Aggregates of 20-25 nm
(g} . .
. Avg.d,,.=2.7 (¥0.3) nm ) Avg. d,,.=10.0 (¥0.7) nm 2 primary particles
T Y - ] SSA =76 m?/g
] SSA = 659 m2/g T SSA = 487 m?/g o AVB doore = /11 0 orosimetry
%:: Avg d,o. = 2.81 nm %0-6- Avg d,,. = 10.6 nm st SSA =104 m?/g
£l §oul . Avgd. . =346 nm
BET/BJH Por::diameler (nm) ” Por;(:iiameter (nm) " Por;.r:diameter nm) b

Aggregated NPs

Distinct particles morphologies with different mesopores sizes forming a macroporous structure

SILCO project 19 Missione 4 e Istruzione e Ricerca
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¢ Porous SiO,

APTES I NH, [ H/\/NHzn
TEt (3-Aminopropyl)triethoxysilane DETATMS £ ' g b
NS 1_(2 Tri . . N .
EtO/S'\/\/NHz ) Toluene 120°C 24h N*-(3-Trimethoxysilylpropyl) diethylenetriamine Impregnatlon NN N n
oluene 120°C 24h in EtOH
PEI 600 Da
O//S' NH, P Polyethylenimine
Si0,@APTES Si0, @PEI10% §xi¥%
*In situ FTIR spectra : activation in vacuum (107 Pa), 100°C, 1h
0.5 'CHstretch | 0.5
[CH, NH, OH] 4eform
3 3 :
8 ) 2
3 3 8
C c . c
8 g Si0, CTAB S
S 5 Si0, P123 3
e! Q °
< < <
Si0, PEG
4000 3500 3000 2500 2000 1500 . 4000 3500 3000 2500 2000 1500 4000 3500 3000 2500 2000 1500
Wavenumbers (cm')

Wavenumbers (cm") Wavenumbers (cm-1)

Infrared (IR) spectra confirm the successful incorporation of aminated organic moieties onto SiO, surface
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Porous SiO, functionalization with amines e
HoN N\/\H/\/N\/\N/\/n NH,
/\N/\NH2 H
H PEI600 Da |
Si0,@DETATMS TN
Si0,@PEI10%
98 '.\ APTES (mmol/g Si0,) DETATMS (mmol/g SiO,) PEl (wt. %)
o ] TGA CHNS TGA CHNS TGA CHNS
92 SiO, PEG 1.43 1.11 0.851 0.821 114 10.5
22; SiO, CTAB 1.99 1.36 1.16 0.994 11.4 9.58
‘f 86 . SiO, P123 1.61 1.22 1.17 1.02 10.3 9.79
= g4
ol o Amine-molecule effect Si0, effect
80 /—— Si0, CTAB
78 1—— Si0, CTAB@APTES
;if_ 510, CTAB@DETATMS Functionalizing agent steric hindrance
]—— Si0, CTAB@PEI10%
72 I v I 1 v I ' I ' I ' I N I ' I T 1 N SSA
50 150 150 250 350 450 550 650 750 850 950 1000 o0gflg
T o) Pores accessibility
Yields trend consistency between TGA and CHNS results PEI wt.% match the theoretical value
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Porous SiO, functionalization with amines

N NN TN
/

| PEI 600HDa H

H H
SiO,@DETATMS HN N
SiO,@PEI10%
*In situ FTIR spectra: activation in vacuum (1073 Pa), 100°C, 1h SI 02 CTAB
“CH . .
|0.5 UNH, oo deform SCH(CH,) yrorr Aftel: actc:vatlon, cha.ract;e}rlstlclf:-_I/CH]c2 an;j I\(IjH ba'nds
Amines SNH, . persist, demonstrating the stability of grafted amines
Residual H-bonded @PEI10%

Si-OH -
S5
S @DETATMS Free NH groups (amine species) bands were observed
8
[
@©
£
o
2 @APTES ‘
< \/

' Free —NH groups are available to interact with CO,
1+
4000 3500 3000 2500 2000 1500
Wavenumbers (cm™) [1] Bacsik, Z. et al. Langmuir, 27 (2011), 11118-11128
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(0]
O>Si/\/\NH2 /\H/\NHZ
/  si0,@APTES $i0, @DETATMS
SiO, CTAB@APTES SiO, CTAB@DETATMS
0
IO.IS Iolls 1484 1696 cm! g "\9 1310-1560 cm'?
» 15</ H-bonded carbamic acid (Il) ) h O®
1563 1317 I ez HN H;N
2 \/-/ 1436 Py o \O . 3
S 3 w3 AV " ol 1630 em?
E % 1630 \;82 % I(-)I NH,*-carbamate salt
Z £ W\ |2
S & \/\/\ gl
o : O P
> 2 : '\/ @ |CO,gas -
co . .
g < |CO, gas \/ \/\ \/\ < loutgas L Only carbamate species are stable after outgassing at R.T.
oows_/ N a(
50°C
50°C \/\./\ - o No remarkable intensity changes detected by outgassing up to 50 °C
N\ 100°C
w0c . A
1800 1750 1700 1650 1600 1550 1500 1450 1400 1350 1300 1800 1750 1700 1650 1600 1550 1500 1450 1400 1350 1300 Heating to 100 °C induces CO2 desorption
Wavenumbers (cm™) Wavenumbers (cm™")

*After activation, 16 Torr CO, R.T.; outg R.T-100°C. Activated spectrum at 100 C subtracted [1] Hedin, N. et al. Curr. Opin. Green Sustain. Chem., 16 (2019), 13-19 [2] Hiyoshi, N. et al. Micropor. Mesopor. Mat. , 84 (2005), 357-365

SILCO project Missione 4 e Istruzione e Ricerca



SR VTR DEGLI STUDI
' ' . AN, SReSIE
T Finanziato v Ministero f oo 0% 28

“ : |dall'Unione europea dell’Universita [taliadomani s =t |
i NextGenerationEU e della Ricerca PIANO NAZIONALE <

DI RIPRESA E RESILIENZA K _

niversita
i Genova

== ONVTIN T

Amine functionalized SiO,: CO, interaction

SiOZCTAB@APTES SiOZCTAB@ DETATMS
Joas DRY | [l WET [oss us  DRY | [l WET
1557
1480 \/ 1317
\’/ 1436 1420 1484
— — 1632 1563 . 1380 . 1557
(:é 1333 g 1480 g o \\/ 3 1420 1317
@ e Py \/\/ Li58 1333 Py @ \./
1640
o \/ Q 1382 o e 1380 |
4NV E A/ D SN 5 \
o} o o ~ |5
2 \ 2 N\ 2 |C0gas - | 2
2 [co, gas \/\ WaR E: AN < /_/\/\/ < Wi W
v A s /TN N
Outgas S
| Outgas /~ w V N\, 50°C X ANy
50°C S — —
___/\/ \'\, -~ 100°C ————
100°C e 100°C
1800 17I50 17I00 16I50 16I00 15I50 15IOO 14I50 14IOO 13I50 13I00 1800 17I50 17I00 16I50 16I00 15ISO 15I00 14I50 14I00 13I50 13I00l

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T .I 1
1800 1750 1700 1650 1600 1550 1500 1450 1400 1350 1300 1800 1750 1700 1650 1600 1550 1500 1450 1400 1350 1300
Wavenumbers (cm™) Wavenumbers (cm™) Wavenumbers (cm™) Wavenumbers (cm™)

! No differences in the species generated after CO, exposition, with dry and wet condition

SILCO project 24 Missione 4 e Istruzione e Ricerca




R . EGLI ST U'D’cl
«++__| Finanziato Ministero . : f ,‘j}*y‘@ 2f " @
* | dall'Unione europea dell'Universita [taliadomani Neeso N |

NextGenerationEU «> @ della Ricerca D RoREes R By ZlEalz Universita

DI RIPRESA E RESILIENZA

di Genova
Am i ne fu nctio na I ized Sioz: COZ inte raction *After activation, 16 Torr CO, R.T.; outgassing R.T-100°C. Activated spectrum at 100 C subtracted
O\S./\/\ NN
0//' N N N
g SiO,CTAB@DETATMS
DRY WET Jous usa DRY Jous WET
1557
\/ 1317
1420 1484
1557

- 1640 1380 —~
;-« \\/\ ;_', \/ 1420 13§17
§ § 16‘1(_)\/ 1380
I SA N \
2 |0, gas | 2
< < N

Outgas /_/\/\’\\/'\\ ’\/- ’\’\'\_ /

50°C sd RS S\

"
100°C T —r—

— T T T T T T T T T T T T T — T T T T T T T T T T T
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\/ SiO, CTAB@DETATMS presents remarkable regeneration capacity <= Flat subtraction spectrum after outgassing at 100°C
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3. FTIR surface analysis of silica-based DFMs
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Surface characterization by
in situ FT-IR spectroscopy

e Activation in vacuuminT Gas/vapor feeding

* ActivationinH,inT
 PYand PN adsorpion

* CO adsorption low-T and R.T.
* CO,-TPD (O,, wet conditions)
* H,-TPSR

 Co-feeding

* Cycling conditions CO,-H,

— High vacuum
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Sample disk
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Waste-Derived Silica Supports

OHs stretching region

I 03 3742 H H i P H{
o/ / » H o/ llumo’ o H o o I
L o, O l L P~gj1-0=si—O~s;
oS0 s oS0 oo Si~0lQ Omand
| O] g0 | o [ o1 [/ *\.'“S(
A U R O /
(:;' Isolated Geminal Vicinal Nest
8 si0,-P123
©
2
(@]
é 3742 cm: isolated silanols.
. < 3742 cm: heterogeneous population of OH groups.
Si0,-CTAB
I ! I ! I ! I ! I ! I ! I ! I
4000 3900 3800 3700 3600 3500 3400 3300
Wavenumbers (cm -1) Pure powder disks, activation in vacuum at 500°C G. Busca, Prog. Mat. Sc., (2019) 215-249
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Synthesis of DFMs supported on waste-derived Silica

DIPARTIMENTO DI ENERGIA

0.5 wt.% RU(NO)(NO3)3 16 wt.% 12(C,H;0,), Catalyst Ru %wt.  Alk %wt.
SiO, from FSA
Ru-Ba/SiO,-PEG 0.5 16
i Ru-Ba/SiO,-CTAB 0.5 16
Ru-Ba/SiO,-P123 0.5 16
Commercial SiO,
16Ba-Ru/SO, 0.5 16
Supports: Ru-16Ba/SiO, 0.5 16
* Commercial SiO, Ru-32Ba/Sio, 0.5 32
Wet impregnation at R.T. * Waste-derived SiO, Ru-4K/SiO 05 4
Dry @ 100°C overnight 2 '
Calcined @ 500°C x 5 h (1°C:min™) Ru- X Na,C0,/SiO, 0.5 [2.5-20]
Ru-Alk/support ref Ru-Ba/Al,O, 0.5 16
~OR0CLOEOOCOSSOIOOS.
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Thermal evolution of carbonate species by the analysis of CO,-TPD-FTIR tests
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S. Molina-Ramirez et al. Micro.and Meso. Mat. 405 (2026) 114080
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7N <L <
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| e P temperature =
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H Subtraction spectra of surface species arising from CO, adsorption @ R.T and outgassing @ increasing temp in H,. Pretreatment in H,/vacuum at 500 °C
= meta

SILCO project 32 Missione 4 e Istruzione e Ricerca



DEGLI STU

niversita
i Genova

«++__| Finanziato Ministero . .
+ » | dall'Unione europea dell’Universita [taliadomani

PIANO NAZIONALE

NextGenerationEU g (=] deua Ricerca DI RIPRESA E RESILIENZA

©3 UNIVERSITA

0.02 Carbonate species
H 1375
CO, Capture & Conversion cycles ™) N | €O, storage phase
15 Cycle Outgassing
Storse R Storage Rt = H, Re-Use phase
co, H, co, H, % Outgassing
20 Torr 40 Torr 20 Torr 40 Torr v
§ Moleculary @ 350°C
2 Adsorbed H,0
outgassing outgassing outgassing outgassing Putgssing E
0 10 20 30 40 50 60 70 80 < 2nd Cycle
Time (min)
Gas phase @ 350°C Methane formation in time
10’ CH, CH,
3 Zho 310’ CH,
5|2 t|s 3 Cycle
é § 2 é 21
e W?\(/]e?numbeigo((::mﬂ we e W;t)eonumbeigo((::m*) o e Wztjeonumbe::o((::mq) e
C. Jeong-Potter et al. Applied Cat.

B: Environ. 310 (2022) 121294,
S. Cimino et al. Cat. Today 424
(2024) 114366

26400 2200 2000 1800 1600 1400

Spectroscopic evidence of methanation in repeated cycles Wavenumbers (cm-)
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Dual Function Materials (DFMs)

Q Materials containing an adsorbent (Ba, Ca, Na, K, ...) capable of
rqﬂﬂﬂ _1 capturing CO, (e.g. from combustion flue gases)
Flue gas m
DFM 11 20
19 56
Storage Catalyst

,f::) element metal
|nng
r‘m

CO, —lean
Flue gas

Support
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Dual Function Materials (DFMs)

Materials containing an adsorbent (Ba, Ca, Na, K, ...) capable of
capturing CO, (e.g. from combustion flue gases) and hydrogenating it

when exposed to green H,.

44 28

DFM

Catalyst
metal

Storage
element

C

Support
e-Methane PP
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Dual Function Materials (DFMs)
<

Goals of this study:
qﬂﬂﬂ * Performance of DFMs with a different support (SiO,);
| * Loading of the storage element (Na,CO,);
Flue gas » Effectiveness of segregated configurations (i.e., physical mixtures)

1" 44

Storage
element

Catalyst
metal
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R —— C
r [ANNERR]] SiOZ
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Temperature Programmed experiments: low Na loading (TPSR)

40
Hold_ Jo0s 1687 Ion 1687
1632
1632 1368 2 o
30 4 ter CO, 1368
= —_ AftercO, 1423 _ saturation 1463 1423
s = saturation 1463 = s
= = o S, 1625
9 504 3 8 # Outgassed
‘ESI [ c ;
= _‘.5 Outgassed _g 1578 \
Q o [}
S 10- < [t50°C < 150 °G
0 300 °C 300 °¢
T T T T T T T T T T T i I i I i I i I i I i I i I i I i I i I i I i I i I i I i I i I
150 220 290 360 430 500 1800 1740 1680 1620 1560 1500 1440 1380 1320 1800 1740 1680 1620 1560 1500 1440 1380 1320
Temperature [°C] Wavenumbers [cm™] Wavenumbers [cm™]

No difference in the stability of carbonates when heating in H,

DFM: 0.5% Ru/5% Na,CO,/SiO,
Process conditions: adsorption 0.5% CO,/He; reduction 4% H,/He
T,gs = 150 °C, GHSV =100 L(STP)/h/g ..
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Temperature Programmed experiments: high Na loading

40
Hold Joos 1687 10,1
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= S, \ -/ S,
c () Q 1625
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S 8 ] @ ’___/ n
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: 20 A — °C
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v _JQ/\\\
0-f pO0 °C \ 300 °
T T T T T T T T T T ! | | | | | L I | | | | | | L I |
150 220 290 360 430 500 1800 1740 1680 1620 1560 1500 1440 1380 1320 1800 1740 1680 1620 1560 1500 1440 1380 1320
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Increasing the Na,CO, loading did not result in enhanced CO, capture/desorption properties

DFM: 0.5% Ru/15% Na,C0,/SiO,
Process conditions: adsorption 0.5% CO,/He; reduction 4% H,/He
T,gs = 150 °C, GHSV =100 L(STP)/h/g ..
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Temperature Programmed experiments: effect of the Na loading

100 250
Il CO, desorbed during CO,-TPD

% [ CH, produced during H,-TPSR
Y% BET Surface Area I

80 - 200
k- Increasing the Na,CO; loading did not result in
o 9] . .
é S enhanced CO, capture/desorption properties.
3 601 - 150 8 At higher Na,CO; loadings:
7)) w > .
£ g * Pore blocking and lower surface area;
& 3 * Formation of bulk carbonate species;
(e ~
b= g * Inhibition of CO, methanation activity.
Z s
g

x=25 x=5 x=10 x=15 x =20

Sodium content (Ru/ x Na,CO,/SiO,) DFMs: 0.5% Ru/x% Na,CO,/SiO,
Process conditions: adsorption 0.5% CO,/He; reduction 4% H,/He
T,gs = 150 °C, GHSV =100 L(STP)/h/g ..
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Isothermal cycles

3000 360

—

25001 ]
E —
& 2000, {340 &
S o
2 1500 2 Cycles of CO, capture and methanation at 350 °C
s ool A é are limited by the poor CO, capture capacity of
3] 320 .
3 C0,/10 = the materials

500

o 300
0 300

DFM: 0.5% Ru/10% Na,CO,/SiO,
Process conditions: capture 1% €0O,/3% 0,/2% H,0/ He, reduction 4% H,/He
T =350°C, GHSV = 100 L(STP)/h/gcat.
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g S
8400 - 2400 -
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5 ©
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COIPD CH, CI)F;SR COIPSR
2 S 2 :
Ru Na 0 0 Ru Na
T T T T T T T T T T T T T T T
. 150 220 290 360 430 500 150 220 290 360 430 500
S|02 Temperature [°C] Temperature [°C] A|203

CO, uptake with respect to Al,O,-supported DFMs is significantly lower: impregnating an alkali
metal over SiO, is not convenient

DFMs: 0.5% Ru/10% Na,CO,/SiO, (left), 0.5% Ru/10% Na,CO,/Al,O; (right)
Process conditions: capture 0,5% CO,/He, reduction 4% H,/He
T.gs = 150 °C, GHSV = 100 L(STP)/h/gcat.
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Isothermal cycles
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(&) (&)
500 . 500 .
0+ e y =] 300 g e . o 300 m m
Ru Na 0 300 600 900 0 300 600 900 Ru Na
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Through the utilization of physical mixtures, coupling Ru/SiO, with a
CO, sorbent (i.e., Na,CO,/Al,0;) resulted in effective CO, capture

and methanation

DFM: 0.5% Ru/10% Na,CO,/SiO, (left);

PM: 0.5% Ru/SiO, + 10% Na,CO,/Al,O,(right)

Process conditions: capture 1% €O,/ He, reduction 4% H,/He
T =350°C, GHSV = 100 L(STP)/h/gcat.
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Isothermal cycles
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Through the utilization of physical mixtures, coupling Ru/SiO, with a
CO, sorbent (i.e., Na,CO,/Al,0;) resulted in effective CO, capture

and methanation even under simulated flue gas conditions
DFM: 0.5% Ru/10% Na,CO,/SiO, (left);
PM: 0.5% Ru/SiO, + 10% Na,CO,/Al,0;(right)
Process conditions: capture 1% €O,/3% 0,/2% H,0/ He, reduction 4% H,/He
T =350°C, GHSV = 100 L(STP)/h/gcat.
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Mechanistic implications

Storage
element

When the storage element (i.e. alkali) is inhibited by the support, an efficient
methanation can be performed using physical mixtures thanks to the
presence of an inter-particle H spillover!.

SILCO project Missione 4 e Istruzione e Ricerca
IMori et al. ACSAppI Mater. Interfaces 17 (2025) 43926-43935
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Sum up
* SiO,-supported DFMs present lower CO, capture activity but qﬂﬂﬂ
are active towards CO, methanation; I

Flue gas

* Increasing the loading of Na does not increase the CO,
uptake; morphological properties (i.e. surface area, porosity)
are modified due to the inertness of SiO,;

* Decoupling of the CO, storage and methanation functions
using physical mixture allows the optimization of the
individual storage and methanation reactivities, thanks to the
presence of interparticle hydrogen spillover. Q

R —— S C
rm

e-Methane
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Significance

Si-based materials were developed using waste hexafluorosilicic acid and organic templates
and functionalized to obtain sorbent materials and DFMs able to adsorb, and convert CO,

CO, capture capability depends on the nature and thermal resistance of the surface
carbonate species, which play a key-role in the CO, catalytic conversion

Pore blockage at moderate-to-high alkali loadings, strongly bound carbonates formation,
inhibition of Ru methanation activity in presence of alkali metals, and non-satisfactory cyclic
capture-conversion performance are still open points

For further exploitation of SILCO project results, segregated mechanical mixtures can
effectively overcome the above limitations
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Thank you for your attention

SILICON CARBON OXYGEN

Turning Waste into Solutions: Silica-Based
Sorbents for CO2 Control
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