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Navigating Climate Realities: The Present and Future of Our Planet

“We do have a choice (...). This is an all-in moment.
(...). Tomorrow is too late. Now is the time to mobilise,
now is the time to act, now is the time to deliver.”

Antonio Guterres (Secretary-GeneraI, UN) Eriksen et al., Nature Climate Change (2024).
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Porous AAMS—Synthesis

Chemical foaming
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Source: Bai & Colombo. Ceramics International 44 (2018) 16103-16118.

Suspension & solidification
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Novais et al., Materials Today 23, 105-106 (2019).

Sacrificial fillers

Geopolymer slurry
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Freeze casting

Geopolymer slurry Freeze-dry Treatment
Source: Renata Botti and Giorgia Franchin. Highly porous alkali-activated materials. In: Luukkonen T (Editor),
Alkali-Activated Materials in Environmental Technology Applications. Woodhead Publishing, Kidlington, United 4

Kingdom, 2022. ISBN: 978-0-323-88438-9, Chapter 4 (2022).



‘ Porous geopolymers —synthesis

Direct ink writing (DIW) filaments rotated at 90°

Source: Franchin et al.. Materials and Design 195 (2020) 109006.

M. Almeida et al., Waste Management 190 (2024) 35-44.



AAMs—novel sorbents

3D Printed lattices: properties

Metakaolin-lattice

SSA =100 m?/g
Open porosity = 61.1% . )
Compressive strength =17.3 + 1.1 MPa Metakaolin/red mud-lattice
SSA =55 m?/g
Open porosity = 59.0%
Compressive strength = 10.7 £ 0.7 MPa

N. Gongalves et al., Journal of Cleaner Production 383 (2023).



Remediation of synthetic wastewaters

3D Printed lattices: cationic dye removal

Effect of red mud in the 3D lattice
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Remediation of synthetic wastewaters

3D Printed lattices: regeneration and reusability

Thermal treatment (400°C/2h): 3D-RM50

24h after [MB], = 50 ppm  After regeneration

Lattice after 10 adsorption
N & regeneration cycles



Boosting the performance of bulk-type sorbents
Waste-based 3D printed AAMs

Column tests
(continuous flow adsorption)

500 mL [Pb?*] = 50 ppm; (pH, = 4);
M. Almeida al., Waste Management 190 (2024) 35-44. 120 mL/min flow



Acid mine drainage (AMD)

AMD is a highly acidic solution Contains several toxic elements

(pH typically <3) (As, Cd, Co, Cu, Pb, Ni, Zn)
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Naidu et al., Environmental Pollution 247 (2019).

Chen et al., Journal of Cleaner Production 329 (2021) 129666.



I Real AMD sample-Sao Domingos Mine, Portugal

Aerial view of Sdo Domingos
mine (Mértola, Portugal)
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Remediation of synthetic wastewaters

Printed lattices: Metal(loid) sorption — simultaneous removal of 5 cations

Effect of pH, initial concentration and contact time

HMs selected based on
concentration on AMD

Msp.50rm = 600 Mg
Vavp =50 mL
pH constant

N. Gongalves et al., Journal of Hazardous
Materials 462, 132718 (2024).



Remediation of real acid mine drainage (AMD)

E Printed lattices: effect of contact time
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N. Goncalves et al., Journal of Hazardous Materials 462, 132718 (2024).



Remediation of real acid mine drainage (AMD)

E Printed lattices: acid treatment

Lattice (as-prepared) Lattice (after acid neutralization)
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Remediation of real acid mine drainage (AMD)

Printed lattices: regeneration and reusability
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Remediation of real acid mine drainage
Printed lattices: regeneration and reusability

Lattice before the tests Lattice after 5 adsorption/regeneration cycles

SSA=55mlg SSA =71 melg



Boosting the performance of bulk-type sorbents
Waste-based 3D printed AAMs

- 3D printEd : e Acid mine
o alkali-activated = drainage
materials =
Activated carbon & .
o® ®e
]

Red ud (AQ)

ng precurs

B3
.E Biomass fly ash

uminosilicate containi

Aluminosil

Metakaolin

Pristine lattice — SSA = 40 m?/g

AC-containing lattice — SSA = 95 m?/g

M. Almeida al., Unpublished results.



Wastewater treatment

Conclusions
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Solution? AAM foams
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Thank you for your
attention!

Rui M. Novais

E-mail: ruimnovais@ua.pt

Webpage: ciceco.ua.pt/RuiNovais

Materials and Ceramic Engineering Department / CICECO —
Aveiro Institute of Materials, University of Aveiro (Portugal).

Questions?

FCT project MAXIMUM (PTDC-CTM-CTM-2205-2020).

UIDB/50011/2020, UIDP/50011/2020 & LA/P/0006/2020
Horizon Europe MSCA PF grant agreement No 101065059
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