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Electronic waste or E-waste

Prevent

REDUCE,
BORROW/HIRE/SHARE,
USE E-PRODUCTS
LONGER, SHQOP

SMART
Reuse
Is the fastest e
. TRADE, BUY, SELL,
growing waste DONATE, REPAIR
stream
0 S
Y Laa Recycle
o ?t)- RECYCLE AT A
RECYCLING DROP-
OFF POINT OR
- The waste production increased by 60 % a year within the last decade. crvce

« The estimated generation of e-waste a year is expected to reach 75 million metric tons by 2030

 Only 17% is getting recycled

www.globalewaste.org ; www.brisbane.qgld.gov.au
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Metallic nanoparticle (MNP)-based hydrogels

Mettalic nanoparticle (MNP)-based hydrogels

Conductive material B
Surfactants
Metallic nanoparticles
: e Glycerol
Gold, Silver and Copper . CTAB
y e Acids
@ \ - f o Oxalic
Q acid
N\ o Adipic
acid
Hydrogel systems
PVA
PAA
PNIPAM
PVP
PEG / PEO

Current limitations:

inder
Polymers

PS

PEG

PVA

Epoxy
Nanocellulose

Chitosan
Gelatin
HA

Ve

Formulation
criteria

e Conductivity
o Type of metal
o Particle size
o Concentration

e Hydrogel

o Crosslinking
Concentration
Viscosity
Viscoelasticity
Surface tension

O O O O

e Fabrication method

Actuators
and
sensors

. . Ener
Biomedical Storagi
devices equipment

« Lack of a reliable method for the production of well-oriented MNPs in hydrogels

« High mechanical properties and low electrical resistance are often mutually exclusive



Nanocellulose (NC) ) L

AUSTRALIA

Cellulose nanocrystals
(0.01 wt.% in water and spun coated at
1000 rpm for 30 s)
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HO OH
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n
. I~5nm

7.9nm

-4.4nm

Macrofibril Microfibril ' T
Cellulose nanocrystal (CNC)

\. - Nanofiber

Strong acid <—— —
hydrolysis

« Are used as a stabilizing agent or template for in situ synthesis of

metals
TOCNF-GN/PAA
 Due to the abundant hydroxyl groups on the surface of NC, the NPs HpRioEes
have a significant tendency for agglomeration Zheng et. al, Carbohydrate Polymer 2020

Morits et. al, Polymer Chemistry 2018, 9, 1650. Sui et. al, Carbohydrate Polymers 2020, 232,115778. Wang et. al, Bioengineering 2020, 7, 40. 4



NC-polymer brush systems I or cuepsians
How can we gvgigress the ¢

ent lirgitati
NC and gevelep DY S'%\
M ctive nanocetlulose hydroge

Non-covalent

(non-)lonic or
@ electrostatic
_ surface groups

. Initiator Q
+ Monomer

* Improving the dispersity of NC in non-polar solvents and
hydrophobic polymer matrices

* Providing stimuli-responsiveness, template or carrier ability.

Geurds et. al, J. Mater. Chem. A, 2021,9, 17173-17188 5



Concept 0 e

Nanocellulose-based polymer brush system as a template for the synthesis
of metal NP.

» Designing polymer brush systems with
tuneable structural and surface properties

« Controlling morphology and avoiding
agglomeration MNPs

Alignment of
nanostructure

Cellulose nanocrystal

o

Polymeric chains




Synthesis of CNC-polymer brush systems &
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Esterification of CNC with BiBB, an ATRP initiator
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Geurds et al., Polym. Chem., 2023,14, 2164-2173

Polymer
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SI-ATRP, grafting polymers from CNC surface
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100 — CNC-BiBB
80— — CNC-PtBA; *"* 7Y =0.001638"X + 163.7 o
] — CNC-PBA, | o0
60— "o
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Mn SEC
Temperature [°C]
Sample New ID DS Tonset [°C] Mn,, .~
CNC-PtBA, CNC-PtBA,;, 7.5% 182 11200
CNC-PtBA, CNC-PtBAg, 10% 176 7500
CNC-PtBA, CNC-PtBA;, 10% 189 15400
CNC-PtBA, CNC-PtBA;, 10% 169 3200

*Determined by the linear relationship between Mn of PtBA and the decomposition point (T,

onset)




CNC-Block-copolymer systems

CNC-PtBA,,-PEG2k
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CNC-Block-copolymer systems [

—0 -0,
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in H,0 in buffer
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Templating metals 0 e

Templating approaches for CNC-polymer brush CNC + metal
systems

Mixing pre-synthesised metal ) )
NPs with CNC-polymer brush Purification
systems
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Created with BioRender.com
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Synthesis of gold nanoparticles with CNC e
* How does the presence of CNC impact the Getone e gt f edeg agent

synthesis of Au NPs? -

— = = = S

 How does the presence of Au NPs impact CNC?

» Stability, particle size, viscosity, conductivity, etc..

1h, CNC 2 wt.% 0.5 mM NaBH,

1.5
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Synthesis of gold nanoparticles with CNC &z

24h, CNC 2 wt.% 0.5 mM NaBH, 24h, CNC 2 wt.% 0.1 mM HAuCl, 24h, 0.1 mM HAuCl and 0.5 mM NaBH,4
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Synthesis of gold nanoparticles with CNC
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CNC 2 wt.% 0.5 mM NaBH,

CNC 2 wt.% 0.1 mM HAuCI,
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Synthesis of silver NPs with CNC

15 h after addition

Just after addition 0.1 wt.% CNC, 2 mM NaBH,

Silver (Ag) NPs

0.5
— 0.3mM Ag
. 0.4+ — 0.6 MM Ag
* Optical 8 oA
. .. £ 0.3 : 9
» Electrical conductivity £ — 0.6 mM Ag*
« Thermal 2 0%
* Antimicrobial activity e 047
* 0.6 mM = Change in addition 0.0 _
. I I I
300 400 500 600 700 800
pH 9.50 9.37 8.69 9.39

Magnification=x15.0k
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Synthesis of silver NPS with CNC-PAA T
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NaBH, a
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* Design various CNC-polymer brush systems tuning

hydrophilic/nydrophobic nature

« Synthesize gold and silver NPs with controllable
sizes on CNC and CNC-PAA, improving stability

Polymer
Chémistry

rsc.li/polymers

™ rovaLsocieTy PR

Geurds et. al, J. Mater. Chem. A, 2021,9, 17173-17188, Geurds et al., Polym. Chem., 2023,14, 2164-2173
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