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Foams & Aerogels for Water Purification

Materials & 
Fabrication

Treatment 
& Filtration

A. Masud, C. Zhou & N. Aich, Environmental Science: Nano 2021, 8, 399 2



CNF Foams for Water Purification

• Large surface area & porosity

• Chemical functionality 

• Surface charge

• Bio-based & biodegradable

• Readily processable

R. Das, et al., Chemical Reviews 2022, 122, 8936-9031

• Wet strength & stability

• Selectivity

• Antifouling

• Reusability & regeneration
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CNF Foams: Improving stability via processing

T. Wu, et al., Nanoscale 2020, 12, 7383-7394

No       Phys.    Chem.  Double

Freeze dryingSupercritical drying

Step 1: Physical crosslinking (HCl)
Step 2: Freeze drying
Step 3: Chemical crosslinking (MDI)
Step 4: Supercritical drying

Additive to improve CNF adsorption and 
physical properties simultaneously?

*FD only = 3 m2/g
*SCF only = 482 m2/g

(2, 4) (1, 2, 4) (2, 3, 4) (All)
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Fungal Melanin

• Naturally occurring pigment biopolymers with broad functionality

• Conventionally extracted from animal ink / hair / feathers ($$$)

• Can also be biosynthesized by several microorganisms

A. Tran-Ly, et al., World Journal of Microbiology and Biotechnology 2020, 36, 170 5



CNF-Melanin Complexation

6A. Tran-Ly, K.J. De France, et al., Biomacromolecules 2021, 22, 4681-4690

(+ve)

(-ve)

550 mg g-1



CNF-Melanin Foams: Physical properties

7
A. Tran-Ly, K.J. De France, et al., Biomacromolecules 2021, 22, 4681-4690
T. Wu, N. Kummer, K. J. De France, et al., Carbohydrate Polymers 2021, 251, 117021
L. Severini, K. J. De France, et al., ACS Omega 2022, 7 (1), 578-586

Melanin improves structural integrity



CNF-Melanin Foams: Surface composition

• XPS: (a) N peak in CNF-melanin foams; (b) no significant change in surface chemistry

• FTIR: increase in peak intensity around 1630 cm-1 (C=C, C=N, C=O vibrations)

8A. Tran-Ly, K.J. De France, et al., Biomacromolecules 2021, 22, 4681-4690

Melanin remains functionally active / intact



CNF-Melanin Foams: Crystal Violet adsorption

Effect of contact time
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98.3%

Typical time required to reach 
adsorption equilibrium

Effect of initial CV concentration

Saturation of 
binding sites

Adsorption is predominantly 
electrostatically-driven

A. Tran-Ly, K.J. De France, et al., Biomacromolecules 2021, 22, 4681-4690

Foam reusability

Removal of loosely bound 
melanin through the recycling 
process (0.1 M HCl, 90% EtOH)



Future Directions in Water Treatment

10M. Peydayesh & R. Mezzenga. Nature Communications 2021, 12, 3248



Conclusions

• Biohybrid foams successfully prepared via charge complexation

− CNF  structural integrity

− Fungal melanin  specific adsorption of cationic dyes

• Versatility & functionality of fungal melanin can enable biomaterial 
solutions in a variety of areas

Adv. Health. Mat. 2018, 7 (1)Langmuir 2016, 32 (30) Chem. Mat. 2017, 29 (11) Mat. Today 2020, 37 Adv. Mat. 2021, 33 (28)
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