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Crystalline Nanocellulose Functionalization and Polymer Grafting via 
Surface Initiated Cu(0)-Mediated Living Radical Polymerization  

 

Joaquin Arredondo 
 

ABSTRACT 
Cellulose is the most abundant natural polymer on Earth. From it, cellulose nanocrystals (CNC) can be obtained by various 

hydrolysis processes. This material has recently gained considerable attention from the scientific community due to its 

outstanding mechanical, optical and physical-chemical properties, in addition to its high natural abundance and non-toxicity. 

Nevertheless, applications where CNC could be used as reinforcing material are limited due to its high polarity, restricting its 

applications for low-polarity systems, where CNC can be very difficult to be effectively dispersed. Covalently attaching polymer 

grafts to the CNC surface may offer a solution to this problem. In this work, CNC surface functionalization using nontoxic mild-

condition reaction with molecules capable of initiating living radical polymerization (LRP) followed by CNC grafting via a 

“grafting-from” approach is reported. The functionalization of CNC was confirmed by 13C solid state NMR, FT-IR spectroscopy 

and XPS analysis. Following CNC functionalization, the grafting-from approach was performed via polymerization of CO2 

switchable monomers such as DEAEMA, and DMAEMA. The grafting of the CNC was confirmed by 13C solid state NMR, FT-

IR, TGA and elemental analysis. 
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Process development for fed-batch production of medium-chain-length 

poly(3-hydroxyalkanoate) from decanoic acid 

 
Jie Gao 

 

ABSTRACT 
Fed-batch fermentation processes were developed for medium-chain-length poly(3-hydroxyalkanoate) (MCL-PHA) production 

from decanoic acid by Pseudomonas putida KT2440. Two methods were evaluated to maintain decanoic acid (DA) as a liquid 

by either mixing with acetic acid (AA) or heating. Glucose (G) was supplied as co-substrate, resulting in feeding ratio of 

DA:AA:G (3:3:4, 4:2:4 and 5:1:4). Experiments were performed with an exponential feeding strategy at µ=0.15 h-1. Biomass 

and PHA concentrations were increased by 50% and 73% at the highest ratio and PHA composition was 74% 3-

hydroxydecanoate (3HD), 14% 3-hydroxyoctanoate (3HO) and 12% 3-hydroxyhexanoate (3HHx). An even high biomass 

concentration of 75 g L-1 containing 74% PHA was achieved by applying the same specific growth rate followed by constant 

substrate feeding at the highest ratio of DA:AA:G. Mutant P. putida DBA-F1was constructed to increase the fraction of the 

dominate monomer (3HD) in PHA by limiting the fatty acid β-oxdiation activity. Significantly different monomeric composition 

(97% 3HD:3% 3HO) but a greatly lower biomass and PHA contents were obtained compared to the wild type at the same feeding 

condition. Methods were tested to improve the cell growth of mutant by increasing the glucose content in the carbon sources 

mixture or supplying other nutrients (yeast extract and tryptone).  
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Study of the Effect of Calcination Temperature on the Catalyst-Substrate 

interaction, Morphology and Activity of Iridium oxide Electrocatalyst Supported on 

Antimony Tin Oxide (ATO) for PEM electrolyser technology 

 

Parisa (Fatemeh) Karimi 
 

ABSTRACT 
Iridium oxide nanoparticles supported on Antimony Tin oxide (ATO) have been used for oxygen evolution reaction in polymer 

electrolyte membrane (PEM) electrolysis. The morphology, crystallinity, catalyst-support interaction and electrocatalyst oxygen 

evolution reaction (OER) activity of the catalyst Iridium oxide supported on ATO at various calcination temperatures have been 

studied. The supported catalyst was synthesized using the modified Polyol method. The synthesized electrocatalyst was 

physically characterized by Differential Scanning Calorimetry, Thermogravimetric Analysis, X-ray Diffraction (XRD), 

Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM) and Brunauer, Emmett and Teller BET 

surface area measurements. The catalyst was electrochemically characterized by cyclic voltammetry and polarization 

measurements in a typical three electrode system. The main focus of this work is to study the effect of calcination temperatures 

of 200, 350, 500 and 700 ⁰C. Iridium oxide phases formed as a function of temperature, degree of crystallization as well as the 

interaction of Iridium oxide nanoparticles with the ATO nanoparticles support will be presented.  
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Evaluation of passive treatment technologies  
for septic lagoon capacity expansion 

 
 

Christine Gan 
 

ABSTRACT 
In Canada, increases in rural development has led to a growing need to effectively manage the resulting municipal and city 

sewage without the addition of significant cost- and energy- expending infrastructure. Storring Septic Service Limited is a 

family-owned, licensed wastewater treatment facility located in eastern Ontario; it makes use of a passive waste stabilization 

pond system to treat and dispose of waste and wastewater in an environmentally responsible manner. Storring Septic, like many 

other similar wastewater treatment facilities across Canada, has the potential to act as an eco-friendly facility that municipalities 

and service providers can utilize to manage and dispose of their wastewater emissions. However, it is of concern that the 

substantial incursion of third party material may be detrimental to the pond system. In order to augment the current facility into 

a self-sustaining system with the capacity to safely accept septage from other sewage haulers, it was hypothesized that pond 

effluent may be further treated by three different technology solutions to reduce wastewater quality parameters to quantities 

below the limits set by the MOE. Two of these solutions make use of biofilm technology and bacterial organisms in order to 

improve wastewater parameters, and the third utilizes the natural water filtration capabilities of zebra mussels. Pilot scale testing 

involved monitoring and analyzing the effects on water effluent quality by each of these three technologies in both cold and 

warm weather. This paper analyzes and compares the results of applying each technology, and aims to understand the important 

mechanisms behind biological filtration methods in order to choose and optimize the best treatment strategy. In doing so, a 

recommendation matrix is provided with the potential to be used as a universal implementation strategy for wastewater treatment 

facilities located in environments of similar climate and ecology. 
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The Effectiveness of Reactive Dispersants in Non-Aqueous 

Dispersion Polymerization 

 

Weiwei Yang 
 

ABSTRACT 
Non-aqueous dispersion (NAD) polymerization is used to produce poly(acrylic) nanoparticles for solvent‐borne automotive 

coatings formulations. During nucleation and growth, the nanoparticles are stabilized sterically by a low molecular weight 

polymer dispersant that is often functionalized with a reactive double bond. In this work, the performance of two types of reactive 

dispersants are evaluated, both based on radical polymerization of butyl methacrylate (BMA). The first contains a small amount 

of methacrylic acid (MAA) in the formulation, which is subsequently reacted with glycidyl methacrylate (GMA) in the presence 

of amino catalyst to form a dispersant with functional unsaturated groups grafted to random positions along the backbone. The 

second is a vinyl-terminated BMA macromer prepared by cobalt chain transfer polymerization. 

 

It has been found that the effectiveness of the surfactant, characterized by the amount of free dispersant remaining in solution as 

well as NAD particle size and overall dispersion viscosity, is dependent on the composition of the NAD being produced as well 

as the dispersant choice and double bond content (macromer chain length). For an acrylate-rich recipe, the macromer dispersant 

is found to be incorporated more effectively than the randomly grafted dispersant, a result attributed to the uniform distribution 

of reactive double bonds across the entire dispersant molar mass distribution. When methacrylates are added as components to 

the NAD recipe, however, the effectiveness of the macromer dispersant decreases, due to the chain transfer reaction that occurs 

with methacrylate radicals.  
 

 

 

 

 

 


