Synthesis of Tunable Janus-type Transesterified Cellulose Nanoparticles — an Eco-friendly Emulsifier
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Behaviour as an Emulsifier

Introduction
Whatis an emulsion ?
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Without an emulsifier, separation
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What is the role of an emulsifier ?
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Emulsifiers stabilise the oil-
water interface and prevent
droplet coalescence

Surfactant-stabilised emulsions vs Pickering emulsions

b. Oilin water emulsion

a. Asurfactant c. Particle b. Oilin water emulsion
molecule stabilized by molecules stabilized by particles
o
water-soluble end qLLa ?
e it s
exchangeable O, r"'D/fD Greater stability
i oo =
o8 Oil 0>
)
o
oil-soluble end ? i EDHLO\%
SR
Size=1-2nm 0 9 g Size # 50-500 nm

Pros and Cons of Pickering Emulsions

Pros Cons

Prevent droplet coalescence by forming a physical barrier

: Ly Use of nano-material
between droplets, ensuring long-term stability

Offer eco-friendly and biocompatible alternatives to

molecular surfactants (petrochemicals) High production cost

Possibility of recovery and reuse Require higher energy to form and emulsion

Particles generally do not possess inherent
amphiphilicity

Do not generate foam/ acts as an anti-foaming agent

HO

Br
o Emulsion A e
HO HO oy )
on __Hog \yOH formation n=6,10or 14
— HOA\ 4 — >
HO Hd/%H Lipophilicity
H OH modifier

Spherical Cellulose Nanoparticles
(SCNP)

¥ o

Janus-type SCNP

B¢ = _Xﬁjy o
S HO OH
H

n=4,8or12

Advantages of Janus type particles

* Provides amphiphilic properties by introducing hydrophilic and hydrophobic faces, which
allow the particles to possess more effective surfactant action

 Amphiphilic particles possess greater affinity for the oil/water interface

Current Research Objectives

* Develop a method for making spherical cellulose nanoparticles sustainable way that is amenable to

scale-up
* Replace alkyl bromide with vegetable oil or plant-based derivatives

* Develop a method to make a range of particles with varying Janus balance and compare to HLB scale
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HLB was determined using a method by Campos and Domingol4
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Microscopic Image of Pickering emulsion and molecular-based emulsions
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* The size of the oil droplets is very large compared to emulsions stabilised by standard molecular-based surfactants
* An overall lower interfacial area means a smaller amount of particles is required to stabilise the emulsions

Recovered particles

After breaking the emulsion using
centrifugation

Janus-SCNP stays at the interface
and can be recovered

Summary and Conclusions

* A method has been developed to produce spherical cellulose nanoparticles
* Anovel method was developed to access Janus-type spherical cellulose particles, where the Janus

balance can be varied and the performance of the final particles correlated to hydrophobic-
hydrophilic balance (HLB).

* The Janus particles were synthesised from cellulose and vegetable oil and thus can be considered an

eco-friendly synthesis

* Asthe size of the oil droplets in the resulting Pickering emulsions is bigger, stable emulsions require a

lower amount of particles compared to standard molecular-based surfactants

* Particles can be recovered and re-used and thus has lower impact on environment
* There is the possibility of recirculating all other materials that are used in the process

Te Mana
Tangata Whakawhanake

MacDiarmid
Institute

Advanced Materials
& Nanotechnology

AU

References

(1) Chen, J. L.-Y.; Anrango, B. A. T. Janus-Type Spherical Cellulose Nanoparticles. WO2023084383A1, May 19, 2023. https://patents.google.com/patent/W02023084383A1/en (accessed 2025-09-08).

(2) Tiban Anrango, B. A.; Naiya, M. M.; Van Dongen, J.; Matich, O.; Whitby, C. P.; Chen, J. L.-Y. Nanoprecipitation to Produce Hydrophobic Cellulose Nanospheres for Water-in-Oil Pickering Emulsions. Cellulose 2024, 37 (10), 6225-6239.
https://doi.org/10.1007/s10570-024-05983-w.

(3) Tiban Anrango, B. A.; Chen, J. L.-Y.; Naiya, M. M. Process for Making Janus-Type Spherical Cellulose Nanoparticles, June 26, 2025. https://patentscope.wipo.int/search/en/W02025134003 (accessed 2025-09-08).

(4) https://books.google.co.nz/books/about/A_Guide_to_the_Surfactants_World.html?id=0OnPzOgAACAAJ&redir_esc=y




	Slide Number 1

