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Project Summary

Context: Polymers and the problems associated with their use and disposal have recently fallen into the public
eye , driving even further research into sustainable plastic materials. In particular, polymers from renewable
resources alleviate polymer dependence on fossil fuel feedstocks and can impart enhanced degradability and
chemical recyclability to the resulting materials.

Challenges addressed: Ring-opening polymerisation (ROP) has been one method of choice to produce
sustainable polymers, with the development of hundredths of catalytic systems for lactide and other
renewable monomers. However, there has been several limitations to the uptake of novel ROP methods and
new monomers by the polymer industry and material scientists: the need for stringent air and moisture free
conditions, the limited solubility of highly oxygenated polymers in common solvents (partly driving the need
to perform polymerisation at high temperature in melt monomer/polymer mixture), and the detrimental
contamination of the plastic recycling chain by new polymers.

Hypotheses: Our hypothesis is that using ionic liquids (ILs) can break those constraints and generalise the use
of ROP methods and the uptake of novel renewable polymers by industry and material scientists. ILs are
indeed known to solubilise highly oxygenated (macro)molecules and would therefore allow to use established
low temperature ROP techniques and achieve high molecular weight polymers. We also propose that the
known presence of polar and non-polar domains in ILs would remove the need for air/moisture-free
conditions, by creating confined nano-reactors in the reaction mixture, isolating detrimental impurities like
water. Finally, based on literature precedent and on their similarity with acid:base complexes often used in
ROP, ILs themselves could act as polymerisation catalysts, easily tuneable to control kinetic rates and the
polymerisation outcomes, including polymer microstructure and sequence.

Project: These hypotheses will be tested using a joint experimental (Bath) and computational (Monash)
approach. In particular, based on the existing model developed by the Pas group for radical polymerisation in
ILs, we will develop and validate a general predictive framework for ROP processes of renewable polymers in
ILs, including sugar-based structures developed in the Buchard group. We will then gain the ability to predict
and carry out selective and controlled polymerisation of renewable monomers with and in ILs, under non-
stringent conditions.

Outcomes and Impact: This project will open up new possibilities for sustainable polymer manufacturing:
lower energy requirements and less constricting conditions, efficient recovery/purification of polymers post-
synthesis, direct additive manufacturing of ionic liquid/polymer gels, e.g. for electronic applications.
Moreover, as it will rely on similar chemistry, we will be able to apply our findings to the selective chemical




recycling and upcycling of mixed plastic waste (e.g. PET, PEF, PC, PLA mixtures), decontaminating recycling
streams and working towards a circular economy of plastics.

Synergies with other CSCT and Monash research groups: Prof Janet Scott (Bath; ILs for biopolymer
processing), Prof Matt Davidson (Bath; PEF and PLA catalysis) Prof Douglas MacFarlane (Monash; energy
applications of ionic gels), Prof Tanya Junkers (Monash; flow processes for polymer synthesis).

Features of the programme

e PhD researchers will be registered at both institutions and will be awarded a joint PhD degree.

e PhD researchers will be jointly supervised by academics from both Monash and Bath Universities.

e All PhD researchers in the joint programme will also undertake a bespoke advanced training plan
covering a range of topics focusing on sustainability.

e Applicants can apply to either Monash University or the University of Bath as their nominated home
institution.

e PhD researchers will undertake a period of no less than 12 months at the partner institution.

e Up to four scholarships/studentships will be offered.Additional and suitably qualified applicants who can
access a scholarship/studentship from other sources will be also considered. Evidence of funding must
be provided.

e The scholarships/studentships include:

— a full tuition fee sponsorship provided by Bath (home or EU students only) or Monash for the course
duration (up to a maximum 42 months)

- aliving allowance (stipend) provided by Monash or Bath Universities. Note: Overseas Student Health
Cover (OSHC) must be paid by the student, unless covered by the university.

Note: Overseas Student Health Cover (OSHC) must be paid by the student, unless covered by the university.
How to apply

Please express interest for up to three projects in order of preference. Please submit your application at the
Home institution of your preferred project. However, please note that you are applying for a joint PhD
programme and applications will be processed as such.

The deadline to submit applications is Sunday 12 May.

Monash University

Expressions of interest (Eol) can be lodged through https://forms.gle/XkC1TKpgVQh4B4N1A. The Eol should
provide the following information:

CV including details of citizenship, full transcripts of academic records, evidence of English language level
(IELTS or TOEFL), nominate your host institution (ie Bath or Monash), two referees and contact details,
indication of which projects are of interest.

University of Bath

Please submit an application through the following link:
https://samis.bath.ac.uk/urd/sits.urd/run/siw ipp lgn.login?process=siw ipp app&codel=RDUCH-
MOO01&code2=0001

Please make sure to mention in the “finance” section of your application that you are applying for funding
through the joint Bath/Monash PhD programme for your specified projects.

In the “research interests” section of your application, please name up to three projects you are interested in
and rank them in order of preference. Please also include the names of the Bath lead supervisors.
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