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Use of geopolymers/AAMs as adsorbent
binder

‒ Adsorption-related research

is increasing exponentially.

‒ Very few adsorbents end as 

commercial products.

‒ One challenge: how to 

develop practical granular

materials from adsorbent

powders? 
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Scopus: “(adsorbent OR adsorption) AND 

(“water treatment” OR “wastewater treatment”)”
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High-shear 

granulation:

Metakaolin + sodium

metasilicate powder

(SiO2/Na2O = 0.9) + 

hydroxyapatite

+

H2O2 solution

Pan granulation:

Metakaolin/BFS + M10 

adsorbent

(MgCO3/MgO/Mg 

silicate)

+

Sodium silicate solution 

(SiO2/Na2O = 1.2)
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Granule compositions

‒ Hydroxyapatite granules: Metakaolin (28.0 wt%)  + sodium 

metasilicate powder (14.6 wt%) + hydroxyapatite (57.4 wt%) 

+ H2O2 solution (dosing amount 18 wt% of solids)

‒ M10 granules:
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Hydroxyapatite granules
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0 wt% concentration H2O2

10 wt% concentration H2O2

7.5 wt% concentration H2O2

5 wt% concentration H2O2

Conditions: [dye] = 15 mg/L, adsorbent dose = 2 

g/L, pH = 5, granule diameter = 2 mm, agitation 

speed = 350 rpm, and T = 25 C
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‒ On site mine water 

treatment

‒ 3 adsorption cycles

‒ Regeneration with 0.3 M 

HNO3 (L/S = 10, 3 h)

‒ Granule amount: 5 L (cycle 

1), 0.18 L (cycles 2 & 3)

‒ Contact time: 5 – 30 min 

(cycle 1), 30 min (cycles 2-

3)

M10 granules
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M10 granules

7 Regeneration: 0.3 M HNO3

Closed mine, waste rock storage 

area seepage water (pH = 5.2)
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Granules after adsorption

‒ Regeneration caused 

mass loss:
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Microplastics 
separation
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Microplastics: diameter of 1 μm to 5 mm

Nanoplastics: diameter of 1 nm and 1 μm
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Geopolymer surface modified 

with triethoxy(octyl)silane

→ superhydrophobic 

(water contact angle 153 °)

Unmodified geopolymer surface 

→ hydrophilic

Luukkonen, T. (2022). Surface chemistry of alkali-activated materials

and how to modify it. In Alkali-Activated Materials in Environmental

Technology Applications (pp. 113-140). Woodhead Publishing.

C8H17

OHO Si

C8H17

OO Si

C8H17

OHO Si

Si Si Si
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PE microspheres

45–50 µm

XPS → Si-C bond
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Synthetic wastewater (5 mg/L of PE = 65000 particles per L)
(a) Flow rate = 3 mL/min (contact time ≈ 50 min)
(b) Flow rate = 5 mL/min (contact time ≈ 30 min)

Synthetic wastewater
Flow rate = 5 mL/min (contact time ≈ 30 min) Laundry wastewater (9000 MPs/L, 2 µm–2 mm)

Flowrate 5 mL/min



University of Oulu

Acknowledgements

Caroline (Yangmei) Yu

12

Sima Kamali
Mehedi Rabbil

Mohammad 

Bhuyan

Postdoc

PhD Researchers:

Faysal Hossain Akram HossainMarco Fazzini

Exchange from 

Uni. Bologna

Somayeh Karandish 

Marvasti



17/02/202513Footer


	Presentation
	Slide 1: Recent advances in using geopolymers and alkali-activated materials as adsorbents
	Slide 2: Use of geopolymers/AAMs as adsorbent binder
	Slide 3
	Slide 4: Granule compositions
	Slide 5: Hydroxyapatite granules
	Slide 6: M10 granules
	Slide 7: M10 granules
	Slide 8: Granules after adsorption
	Slide 9: Microplastics separation
	Slide 10
	Slide 11
	Slide 12: Acknowledgements
	Slide 13


