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Foams & Aerogels for Water Purification

Materials &
Fabrication

Q]‘een’s University A. Masud, C. Zhou & N. Aich, Environmental Science: Nano 2021, 8, 399
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CNF Foams for Water Purification

Large surface area & porosity

e Chemical functionality Biomass Feedstock Nanocellulose
- Surface charge o
Raw Processed
 Bio-based & biodegradable A48 )
[ sy
- Readily processable \ %Ly
o

Coagulation- Adsorption

flocculation

Wet strength & stability

Photocatalysis
Membrane
filtration

Selectivity

Antifouling

Reusability & regeneration

Clean Water '_5.. ( ( (
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CNF Foams: Improving stability via processing
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Suercritial drying

Freeze drying

Step 1: Physical crosslinking (HCI)
Step 2: Freeze drying

Step 3: Chemical crosslinking (MDI)
Step 4: Supercritical drying

Q,l_‘een’s University T. Wu, et al., Nanoscale 2020, 12, 7383-7394
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*FD only =3 m?/g
*SCF only = 482 m?/g
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Additive to improve CNF adsorption and

physical properties simultaneously?




Fungal Melanin

« Naturally occurring pigment biopolymers with broad functionality
« Conventionally extracted from animal ink / hair / feathers ($$$)
« Can also be biosynthesized by several microorganisms
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Ql‘e en’s UniverSit_y A.Tran-Ly, et al., World Journal of Microbiology and Biotechnology 2020, 36, 170
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UV and visible light absorbing
(packaging, sun glasses,
semiconductor)

| Antimicrobial
(active packaging,
medical applications)

Metal and drug binding
(water treatment,
medical treatment)

Free radical scavenger
(active packaging, radio
protector, anti-aging
cosmetics)

Charge carrying
(bioelectronics)



CNF-Melanin Complexation

Cationic cellulose
nanofibers (C-CNF)
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CNF-Melanin Foams: Physical properties

{ potential (mV)
BET surface area (m?* g')
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Melanin improves structural integrity

Queen’s University
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| ¥ Cationic CNF + Melanin

0
A. Tran-Ly, K. De France, et al., Biomacromolecules 2021, 22, 4681-4690

T. Wu, N. Kummer, K. J. De France, et al., Carbohydrate Polymers 2021, 251, 117021
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CNF-Melanin Foams: Surface composition
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« XPS: (a) N peak in CNF-melanin foams; (b) no significant change in surface chemistry

« FTIR: increase in peak intensity around 1630 cm-' (C=C, C=N, C=0 vibrations)

Melanin remains functionally active / intact

%een/s University A. Tran-Ly, KJ. De France, et al., Biomacromolecules 2021, 22, 4681-4690
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CNF-Melanin Foams: Crystal Violet adsorption |

Effect of contact time
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Future Directions in Water Treatment
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Conclusions $‘|\N‘i
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 Biohybrid foams successfully prepared via charge complexation i

— CNF - structural integrity
— Fungal melanin - specific adsorption of cationic dyes

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