
KINETIC COEFFICIENTS AND MODELS FOR 
POLYMERIZATION PROCESSES: HOMO-, CO‐ AND 
TERPOLYMERIZATION STUDIES IN WATER, 
ALCOHOLS AND THEIR MIXTURES
MARYAM AGBOLUAJE

Multi-functional polymers used for personal care products can be modified post-production or be used “as-

is” to simplify formulations while providing the same properties as a mixture of polymers. Typical

compositions consist of acrylic acid (AA) copolymerized with non-functional monomers such as methyl

acrylate (MA) and N-tert-butylacrylamide (t-BuAAm) and are polymerized in alcohol/water solutions.

However, solvents capable of forming or disrupting hydrogen bonds cause the radical polymerization

kinetics of acrylate and acrylamide monomers to deviate from those observed in bulk or non-polar solvents.

In this work, pulsed laser polymerization coupled with size exclusion chromatography (PLP-SEC) is used to

study how solvent influences the rate coefficients that describe homopolymerization chain growth, kp. In

addition, in-situ NMR batch experiments are used to study how initial monomer content, comonomer

composition and ethanol/water ratio in the solvent mixture affect the rate of conversion, copolymer

composition drift and final polymer molecular weights.



The combined kinetic studies are used to aid the development of a mathematical model that 

simulates the polymerization process and final product properties under industrially relevant 

conditions.

PLP‐SEC studies reveals that the kp values for MA and t‐BuAAm increase with increased solvent 

content (alcohol/H2O), thus suggesting that the rate of conversion should increase for a batch 

polymerization as the initial monomer content is reduced. However, in‐situ NMR experiments 

indicate the opposite, a result that can be attributed to the influence of intramolecular chain 

transfer to polymer (i.e. backbiting) on rate of conversion. Furthermore, it was observed that 

increasing the t‐BuAAm content for MA/t‐BuAAm copolymerization causes the rate of 

conversion to increase. This behaviour can also be attributed to lower levels of backbiting and a 

lower termination rate for t‐BuAAm relative to MA. The composition drift behaviour of MA/t‐

BuAAm reveals that MA is preferentially incorporated into the copolymer relative to t‐BuAAm. 

Furthermore, the composition drift behaviour for this system is independent of the monomer: 

solvent ratio and the alcohol: water ratio in the solvent, an observation that has also been made 

for 2‐methoxyethyl acrylate/2‐hydroxyethyl methacrylate copolymerization in alcohol/H2O 

solvents.



ADAPTIVE NONLINEAR CONTROL OF 
CHEMICAL SYSTEMS
SEYEDABBAS ALAVI

In this work, we study the problem of adaptive control of nonlinear chemical processes using a 
specific class of model representations. This general problem is motivated by the fact that in most 
chemical processes there are unknown parameters that contribute to the system dynamics to be 
stabilized and controlled. The key objective of this research is to design adaptive controllers that, on 
one side, can give an estimation of parameters, and on the other side, the controller ensures system 
stabilization at the desired point of operation. To achieve these goals, we use generalized 
(dissipative) Hamiltonian structured models as a basis for model representation. It is shown that the 
natural dissipative component of the dynamics, coupled with (dynamic) state feedback control, 
attenuates the effects of unstructured component even with non-exact parameter estimation. The 
approach is illustrated through numerical studies of prey-predator and isothermal CSTR systems.



COLE–COLE RELATION FOR LONG-CHAIN 
BRANCHING FROM GENERAL RIGID BEAD–ROD 
THEORY
STEACY COOMBS

Empirically, we find that parametric plots of the imaginary versus real parts of the complex viscosity 
may depend neither on temperature, nor on average molecular weight. Moreover, for fixed 
polydispersity, these Cole-Cole curves amplify both rightward and upward with long-chain branching 
content. In this paper, we find that general rigid bead-rod theory [O. Hassager, “Kinetic theory and 
rheology of bead-rod models for macromolecular solutions. II. Linear unsteady flow properties,” J. 
Chem. Phys. 60(10), 4001–4008 (1974)] can explain these rightward and upward amplifications. We 
explore the effects of branching along a straight chain in small-amplitude oscillatory shear flow. 
Specifically, we explore the number of branches, branch length, branch position and branch 
distribution.



EFFECT OF SPECIFIC SURFACE AREA ON THE 
RHEOLOGY OF GRAPHENE NANOPLATELET-
FILLED PEO SYSTEMS
HARITHA HARIDAS

As the demand for graphene-based materials increases, the need is arising to have established

characterization techniques to adequately describe the properties of graphene and its derivatives, in

order to maximize the benefits of its superior material properties for the various proposed

applications. Although techniques such as Brunauer-Emmett-Teller (BET), scanning electron

microscopy (SEM), transmission electron microscopy (TEM) and Raman spectroscopy are commonly

used for characterization, they are often not representative of the bulk sample and are also expensive

and tedious. In addition to thermogravimetric analysis (TGA) and X-ray diffraction (XRD), which are

suitable bulk characterization techniques capable of identifying conversion of graphite to graphene-

based products, the use of rheology can greatly supplement the information obtained about these

nanomaterials in terms of a qualitative correlation with the specific surface area (SSA).



In this work, we use rheology to probe the microstructural characteristics of graphene

nanoplatelets (GNP) by studying the effect of specific surface area of GNP when dispersed within a

model polymer matrix – poly(ethylene oxide) (PEO). The rheological properties of GNP with three

different SSA ranging from 175 to 433 m2/g were investigated and compared to the starting

graphite material. By fitting the complex viscosity data, the aspect ratios of these plate-like fillers

were estimated to be ranging from 12 to 70 and 6 to 27 based on the Utracki model and Krieger-

Dougherty model respectively for low to high GNP SSA. The rheological and electrical percolation

threshold concentration decreased with increasing GNP SSA, which can be attributed to higher

filler-filler interactions associated with increasing SSA, leading to the formation of a space filling

network. The yield stress values obtained for high filler content samples upon fitting the complex

viscosity data to the Berzin model verifies the formation of a percolated filler network. The complex

viscosity, elastic and viscous moduli of the samples increased with SSA at a given filler content

demonstrating the enhanced filler-filler and polymer-filler interactions associated with increasing

SSA. It was also seen that the enhancement in rheological properties were more dramatic beyond

an SSA of 175 m2/g. We therefore show that rheology can be a useful bulk characterization tool to

qualify the exfoliation of graphite into GNP of higher SSA.



COMPATIBILIZED POLYPROPYLENE 
NANOCOMPOSITES CONTAINING EXPANDED 
GRAPHITE AND GRAPHENE NANOPLATELETS
QUANG BINH HO

We examine the dispersion characteristics of expanded graphite (EG) and graphene nanoplatelets 

(GNP) in a polypropylene (PP) matrix and the properties of the resulting composites. The GNP was 

produced by a novel thermo-mechanical exfoliation of EG. Both EG and GNP were incorporated into 

PP matrix by melt compounding; the dispersion of the fillers was facilitated by a non-covalent 

compatibilization method using amino-pyridine-grafted PP (PP-g-Py) as a compatibilizer.

Detailed image analysis showed that the average particle size of the GNP is smaller than EG: 63% of 

GNP particles were below 1 μm whereas 72% of the EG particles were from 100 μm to 300 μm. The 

specific surface area of the EG was 40 m2/g and that of the GNP was 220 m2/g. The average surface 

oxygen content was 3.4 atomic % for the GNP compared to 7.5 atomic % for the starting EG. 



Results from scanning electron microscopy and transmission electron microscopy showed 

that GNP were well-dispersed platelets having aspect ratios as high as 40 in non-

compatibilized PP/GNP composites, whereas in the presence of the PP-g-Py, they were sub-

micron scale platelets. Compatibilization was necessary for EG to achieve good dispersion 

as PP-g-Py molecules intercalate between EG layers, separation them into smaller tactoids. 

By analyzing the effects of filler and compatibilizer content on various properties of the 

composites, we found that the optimal compatibilizer content was 10 wt%. The electrical 

percolation thresholds were in the vicinity of 6 and 10 vol% in the compatibilized PP/EG 

and PP/GNP composites, respectively, and the maximum value of the electrical conductivity 

achieved was 10-1 S/m for the compatibilized GNP composites. Addition of EG and GNP 

resulted in increases in the flexural moduli by as much as 23% and 95% respectively, 

compared to the unfilled PP. The impact strength of PP/EG composites decreased with 

increased EG content, while that of PP/GNP remained unaffected up to 10 wt% GNP 

content.



DISTRIBUTED COMPUTATION OF LEAST-
SQUARES SOLUTION TO LINEAR ALGEBRAIC 
EQUATIONS
MOHAMMAD JAHVANI

In this talk, we introduce several distributed algorithms on connected networks for the computation 
of least-squares solution to a linear algebraic equation of the form Ax = b where A has full column 
rank. It is assumed that each one of the n autonomous agents only knows a subset of the partitioned 
matrix [A b]. Each agent in the network is able to send information to certain other agents called its 
“out-neighbors”. Neighbor relations are characterized by a (directed) graph G whose vertices 
correspond to the labels of agents and whose edges depict the neighbor relations. It is shown that 
for any such matrix A and any strongly connected neighbor graph, the estimates of all agents in the 
proposed algorithms converge to the desired least-squares solution.



NITROXYL-MEDIATED PEROXIDE 
MODIFICATION OF POLYPROPYLENE
BEN JONES

The thermal stability of alkoxyamine derivatives of polypropylene (PP) is examined through studies of 

model hydrocarbon systems and atactic-PP substrates. Primary, secondary and tertiary alkoxyamines 

are integral to modern techniques for modifying the architecture of linear PP materials, and detailed 

knowledge of their stability at polymer processing temperatures is needed to further understand the 

underlying principles of nitroxyl-based formulations.  

GC analysis of alkoxyamines derived from 2,4-dimethylpentane + TEMPO show that the tertiary 

regioisomer is susceptible to disproportionation to alkene + HOTEMPO at temperatures as low as 140 
oC. Extension of these thermolysis experiments to atactic PP-g-HOTEMPO mirrored the model 

compound results, with appreciable extents of nitroxyl generation observed over a 20 min timescale at 

180 oC. This reaction extent is not expected to dramatically alter the performance of nitroxyl-based



formulations that modify the structure and composition of PP homopolymers.

The yield of H-atom abstraction by peroxide-derived alkoxy radicals is another 

fundamental reaction that underlies polyolefin modifications. Indirect measures based on 

analysis of peroxide byproducts are supplemented with a fluorescence spectroscopy 

method that quantifies polymer-bound alkoxyamines. H-atom transfer from high density 

polyethylene (HDPE) and poly(ethylene-co-propylene) (EPR) was gained by using 

napthoyloxy-TEMPO, whose fluorophore supports a highly sensitive analytical method. 

This technique is extended to studies of reactive HDPE/EPR blending to ascertain the extent 

of peroxide migration from one phase to the other during the compounding process. The 

data indicates that mass transfer of the peroxide is competitive with the rate of peroxide 

breakdown, causing both polymers to incur structure modification irrespective of how the 

initiator is charged to the blend components. 



CORONAVIRUS ROTATIONAL DIFFUSIVITY
MONA KANSO

Just 11 weeks after first infection confirmation, one team had already discovered, and published [D. 
Wrapp et al., “Cryo‐EM structure of the 2019‐nCoV spike in the prefusion conformation,” Science 
367(6483), 1260–1263 (2020)], in exquisite detail about the new coronavirus, along with how it differs 
from previous viruses. We call the virus particle causing the COVID‐19 disease SARS-CoV-2, a 
spherical capsid covered with spikes termed peplomers. Since the virus is not motile, it relies on its 
own random thermal motion, and specifically, the rotational component of this thermal motion, to 
align its peplomers with targets. The governing transport property for the virus to attack 
successfully is thus the rotational diffusivity. Too little rotational diffusivity, and too few alignments 
are produced to properly infect. Too much, and the alignment intervals will be too short to properly 
infect, and the peplomer is wasted. 



In this paper, we calculate the rotational diffusivity along with the complex viscosity of four 
classes of virus particles of ascending geometric complexity: tobacco mosaic, gemini, adeno 
and corona. The gemini and adeno viruses share icosahedral bead arrangements, and for 
the corona virus, we use polyhedral solutions to the Thomson problem to arrange its 
peplomers. We employ general rigid bead-rod theory to calculate complex viscosities and 
rotational diffusivities, from first principles, of the virus suspensions. We find our ab 
initio calculations agree with the observed complex viscosity of the tobacco mosaic virus 
suspension. From our analysis of the gemini virus suspension, we learn that the fine detail 
of the virus structure governs its rotational diffusivity. We find the characteristic time for 
the adenovirus from general rigid bead-rod theory. Finally, from our analysis of the 
coronavirus suspension, we learn that its rotational diffusivity descends monotonically 
with its number of peplomers.



SOLUTION RADICAL (CO)POLYMERIZATION OF 
METHYL ACRYLATE AND T-BUTYL ACRYLAMIDE: A 
COMPARISON OF BATCH AND SEMI-BATCH 
OPERATION
GAGANDEEP KAUR

Free radical polymerisation is one of the most versatile methods to produce materials for diverse 
applications. With the world inclining towards sustainability, the industry is transitioning from the 
use of organic solvents to aqueous media. However, radical polymerization kinetics are affected by 
the use of hydrogen-bonding solvents, and there is limited information regarding the use of water as 
a solvent for hydrophobic and sparingly soluble monomers. Thus, the radical polymerisation of 
methyl acrylate (MA) and n-tert butyl acrylamide (t-BuAAm) is studied in water and ethanol (EtOH), 
as the copolymer product has commercial application in hair sprays and other personal care 
products, and as textile and paper coatings. The copolymerization kinetics of the system are being 
studied in a parallel project by Maryam Agboluaje using an in-situ NMR technique that provides a 
continuous measure of both monomer conversion and composition. However, the evolution of the 
polymer molecular weight (MW) cannot be followed over the course of the batch reactions in the



NMR tube. Thus, a stirred 250 mL reactor setup has been established, with samples removed 
over the course of the reaction analyzed by both NMR and size exclusion chromatography to 
determine monomer conversions and composition as well as copolymer composition and 
molecular weight distributions (MWDs). The results from the new setup are in good agreement 
with those from the in-situ NMR technique, and it is determined that there is a significant 
decrease in polymer average MWs and broadening of the MWD with reaction time. Semi-batch 
reactors are used by industry to reduce the variation in polymer properties over the course of a 
reaction, as well as to better control the heat released by the exothermic reaction. In addition, 
semi-batch operation provides additional data to probe the influence of solvent on 
polymerization rate and polymer MWs, as the low monomer concentration maintained under 
starved-feed operation leads to a different solvent to monomer ratio than in a batch system. Thus, 
a series of semi-batch reactions have been conducted, to demonstrate that the copolymer can be 
successfully synthesized without significant drifts in product MW or composition. The effect of 
batch and semi-batch operating conditions (i.e., reaction temperature, initiator level, solvent to 
monomer ratio, comonomer composition) are interpreted in terms of known features of the 
polymerization kinetics, which includes backbiting and solvent effects on rate. It is found that 
MA is preferentially incorporated into the copolymer relative to t-BuAAm and the molecular 
weight increases with increased t-BuAAm content in the system.



PIECEWISE-LINEAR APPROXIMATION FOR FAST 
MODEL ANALYSIS
KODY KAZDA

In process systems engineering, we are concerned with modeling real‐world processes so that 
useful quantitative analysis can be performed. Often a detailed model is known that describes the 
process well, but is too computationally expensive to provide analysis in practically useful times. 
The modeller, using their understanding of the process, must then simplify the model. Piecewise‐
linear approximation is an old and powerful tool for helping the modeller in these situations. 
Piecewise‐linear approximation is powerful due to both its theoretical and practical properties. 
Firstly, any continuous function can be approximated to arbitrary precision over a bounded domain 
by a piecewise‐linear function. This enables the modeller to set the trade‐off between computational 
expense and accuracy of the model. Secondly, a piecewise‐linear model is in the form which most 
numerical computation naturally occurs, discrete‐linear. This often allows for a piecewise‐linear 
model to be more easily quantitatively analyzed than the nonlinear model it approximates. 



Despite the popularity of piecewise-linear approximation, the methods of determining 
piecewise-linear approximations are not well-developed. The existing methods scale 
particularly poorly with dimension. They also often determine piecewise-linear 
approximations which require many more linear regions than necessary, resulting in 
unnecessary computational expense to analyze the resulting piecewiselinear model. We have 
developed a piecewise-linear approximation algorithm which can take a deterministic 
relationship of any dimension, and returns a piecewise-linear approximation that satisfies a 
pre-defined error-tolerance. On a variety of bivariate functions, we have demonstrated that the 
piecewise-linear approximations obtained by our algorithm often contain less than half the 
linear regions than those obtained by other state-of-the-art methods. We are unable to 
compare to other methods for higher dimensional relationships, as we are the first to develop 
an algorithm for approximating functions above two dimensions. We also demonstrate the 
practical importance of piecewise-linear approximation by forming a piecewise-linear model 
of a well-known cascading tank model. The cascading tank model is optimized for the optimal 
valve control trajectories to quickly bring the tank water levels to the desired height. It is 
shown that substantial computational savings are obtained by using the piecewise-linear 
cascading tank model, with an insignificant sacrifice in solution quality. 



THERMOMECHANICAL EXFOLIATION METHOD FOR 
THE ENVIRONMENTALLY FRIENDLY AND SCALABLE 
PRODUCTION OF GRAPHENE NANOPLATELETS
KENT MARDLIN

In recent years there has been significant focus on the production of graphene nanoplatelets (GNPs) 

from bulk exfoliation of graphite. However, it has been a struggle to produce sufficient quantities of 

consistent quality GNPs required by industrial applications. As a potential solution, a 

thermomechanical exfoliation method has been developed, capable of producing graphene 

nanoplatelets (GNPs) from flake graphite by processing under shear forces, without the use of 

solvents or surfactants.

This process requires specific energy input in the range of 36-62kJ/g, which is much lower compared 

to other bulk exfoliation methods. Since it does not use solvents or surfactants, the product does not 

require post process treatment, making it very attractive for applications such as polymer composites.



The process can readily produce tens of grams and can be scaled using conventional 

equipment.    

The resultant GNPs contain a mixture of few-layer and multi-layered graphene, together 

with residual micrographite particles. Depending upon the processing conditions, GNPs 

with specific surface area ranging from 175 to over 400 m2/g and aspect ratios over 30 can 

be produced. Using thermogravimetric and X-ray diffraction analyses we track the material 

evolution throughout the process to establish trends between energy input and extent of 

exfoliation. 



HEAVY WATER FILTRATION WITH MEMBRANES 
PREPARED FROM GRAPHENE-BASED 
NANOPLATELET SUSPENSIONS
AIDA MOHAMMADI

There is an increasing demand for nuclear reactors, driven by the global need for low CO2‐

producing energy sources. CANDU (Canada Deuterium Uranium) reactors, which utilize heavy

water (D2O) as moderator and coolant, produce radioactive tritiated water (primarily DTO) as by

product. Tritiated water, a radioactive contaminant for D2O, is also a product of high commercial

value. Separation of hydrogen isotopes including D2O from isotopic water mixtures has gained great

attention because it is one of key technologies for recycling the fuel from nuclear fusion reactors.

Here we report on our experimental feasibility study on the separation of water isotopes through

filtration with graphene oxide (GO) and reduced graphene oxide (RGO) membranes. First, we

designed and successfully tested a pressurized filtration assembly using commercially available GO

membranes and H2O/D2O mixtures as model systems. Subsequently we prepared our own GO



membranes through vacuum filtration of GO suspensions in water. RGO membranes were

prepared in a subsequent step through GO membrane reduction in a hydroiodic acid (HI)

vapour phase. The D2O rejection efficiencies of our in-house prepared membranes were

correlated with important physicochemical characteristics of the GO and RGO nanoplatelets.

We also found a dramatic effect of temperature on separation performances of the membranes.

To the best of our knowledge, this is the first study where key physicochemical properties of

GO membranes were examined together in terms of their effects on filtration performance. We

show that our in-house prepared membranes can provide D2O separations up to 11% in a

single-stage filtration. Moreover, the RGO membrane with a small amount of unreduced GO

present shows the lowest isotopic permeation with the highest D2O rejection, thus making it

effective means for water isotopic mixture separation. Selective separation using RGO

membranes under low investigated temperatures is promising for economic efficiency. Our

long-term goal is the optimization of the GO membranes and their use in water isotopes

separation.



A LOW-POWER MULTI HIGH-GAIN OBSERVER 
DESIGN FOR STATE ESTIMATION IN 
NONLINEAR SYSTEMS
MOEIN MOUSAVI

State estimation is a central topic in control systems. High gain observers (HGOs) have proven to be

a very useful tool in estimating the states of nonlinear systems quickly and reliably. However, HGOs

are subject to high sensitivity to measurement noise and undesirable overshoots, or peaking, in the

transient response that can prevent their use in feedback control systems. Multi High Gain Observers

(MHGO) have been proposed to overcome the adverse effects of the peaking problem. Low power

high gain observers have also been proposed to reduce the noise sensitivity of HGOs. In this project,

we propose to combine these two ideas and design a Low Power Multi High Gain observer that

integrates the good features of MHGOs and low-power observers. The results indicate that the

proposed design attenuates the impact of peaking while reducing the sensitivity to process noise.



THE ROLE OF MATERIAL AND ELECTRODE 
PROPERTIES IN THE PERFORMANCE OF 
POLYMER ELECTROLYTE MEMBRANE (PEM) 
ELECTROLYZER PERFORMANCE
RUTENDO MUTAMBANENGWE

An investigation was carried to determine how the performance of electrolyzer membrane electrode 
assemblies is affected by the properties of the materials that are used in its fabrication. The catalyst 
properties, electrode properties and membrane properties are analyzed to determine their role in the 
MEA performance. Electron microscopy was used to determine the morphology of the catalysts and 
the electrodes. Electrical conductivity was determined using linear sweep voltammetry for the 
catalysts and the Van de Pauw method for the electrodes. The conductivity was found to decrease 
with decreasing iridium content on the catalyst. The ion exchange capacity and water absorption 
properties were determined for the perfluorosulfonic acid membrane and sulfonated phenylated
polyphenylene membrane. Steady state polarization was used to determine the characteristic I-V 
curves for membrane electrode assemblies fabricated using the catalysts and membranes. 



RADICAL COPOLYMERIZATION KINETICS OF 
AN ACRYLATE‐ACRYLAMIDE COPOLYMER
IBRAHIM REFAI

Acrylate-acrylamide copolymers are used in a variety of applications, including for wastewater 
treatment and in pharmaceuticals, cosmetics, and hair-care products. These materials are synthesized 
by radical copolymerization in polar media, with an increased emphasis on conducting reactions in 
water or alcohol/water mixtures. Under these reaction conditions, both the monomer to solvent ratio 
and the solvent composition are known to influence the polymerization kinetics. In this study, the 
copolymerization propagation kinetics of tertiary butyl acrylamide (tBuAAm) and methyl acrylate 
(MA), a system of commercial interest, are systematically studied using the pulsed laser 
polymerization-size exclusion chromatography (PLP-SEC) technique. The Mark-Houwink calibration 
parameters required for molecular weight analysis of poly(tertiary butyl acrylamide) in THF are 
determined using both triple detector and dual detector SEC setups, as no values have been reported 
previously in the literature. 



The influence of temperature (30-60 oC), monomer weight fraction (10-50 %) and 
ethanol/water solvent composition (varying from 100% EtOH to 100% H2O) on the 
propagation kinetics of MA and tBuAAm was determined. Homopropagation rate 
coefficients (kp) were determined for both MA and tBuAAm before moving on to the mixed 
monomer system. The kp values for 10 wt% monomer in a 75/25 EtOH/H2O mixture at 30 oC
are 41.9103 L·mol-1·s-1 and 13.8103 L·mol-1·s-1 for MA and tBuAAm respectively. The rate 
coefficients were found to increase substantially as the fraction of water in the solvent 
mixtures is increased, and as the monomer to solvent ratio is decreased, such that the value 
for 5 wt% MA in water (close to its miscibility limits) is 16 times higher than its bulk value. 
While measurements of the copolymerization system are still underway, the first results 
indicate that the propagation kinetics are well-represented by the terminal model 
representation of radical chain-growth. However, the large influence of solvent choice and 
composition on the chain-growth rates must be considered for both product and process 
design.



STUDY OF ELECTROCHEMICAL STABILITY AND 
PHYSICAL CHARACTERISTICS OF BALL MILLED 
TANTALUM CARBIDE AS A SUPPORT FOR OXYGEN 
EVOLUTION REACTION ELECTROCATALYSTS

NAFISEH REZAEI

Tantalum carbide (TaC) is investigated as a potential support for oxygen evolution reaction (OER) 
electrocatalysts. It is ball milled with zirconia balls for 7 and 14 days. The particle size and surface 
area of the ball milled TaC are analyzed using Scanning Electron Microscopy and nitrogen 
physisorption methods, respectively. After 14 days of ball milling, the TaC shows smaller particle 
size and larger surface area compared to after 7 days of ball milling and unmilled TaC. The long-
term electrochemical stability of the ball milled TaC is evaluated under oxygen evolution reaction 
conditions using cyclic voltammetry (CV) and chronoamperometry (CA). The ball milled support 
at a fixed voltage of 1.6 V is shown to be stable up to 5000 cycles. Chronoamperometric 
measurement also shows the ball milled TaC remains stable over the 70 hours of the test.



LIQUID PHASE EXFOLIATION OF GRAPHITE 
INTO GRAPHENE NANOPLATELETS USING 
GRAPHENE OXIDE AS SURFACTANT
ANDREW SELLATHURAI

In this study, graphene nanoplatelets (GNP) are prepared using graphene oxide (GO), a derivative of 
graphene, as the dispersing agent in the liquid phase exfoliation of raw flake graphite. Graphene 
oxide has similar properties to that of graphene, however, it contains functional groups such as 
epoxides, hydroxyls and carboxyls. This added functionality makes GO amphiphilic and a suitable 
dispersing agent in water. In order to prepare stable GNP dispersions during exfoliation, the sheets 
need to overcome the van der Waals attractive forces and - interactions. Preliminary research 
shows that more widely stable GNP dispersions can be achieved by adjusting the pH of dispersions 
to 10. The major variables influencing the exfoliation of graphite are: the concentration of GO and 
graphite, along with shear rate, and time. Using dimensional reasoning and according to the 
factorial design of experiments, we obtain a correlation to optimize the GNP yield by a response 
surface methodology. 



The exfoliated GNP content in the dispersions is determined from UV-vis spectroscopy, via 
a GO/GNP standard calibration curve. Furthermore, the exfoliated GNP is characterized 
using, atomic force microscopy, Raman spectroscopy, X-ray diffraction, and X-ray 
photoelectron spectroscopy. Finally, the GO/GNP dispersions are then concentrated and 
used to synthesize graphene hydrogels. The resulting hydrogels are used as an electrode 
material for making flexible supercapacitors and their performance is evaluated.



SOLUTION PROPERTIES OF AMPHIPHILIC 
BLOCK-RANDOM COPOLYMERS IN AQUEOUS 
MEDIA
SANDRA SMELTZER

Small-molecule surface active agents (surfactants) are known as a “necessary evil” in emulsion 
polymerization formulations. Their amphiphilic nature prevents phase separation of a 
thermodynamically unstable oil-in-water mixture during polymerization and storage, however, the 
ability of surfactants to readily diffuse to interfaces results in poor product performance properties 
and leaching of potentially toxic surfactants into the environment. This has driven interest into 
using amphiphilic polymeric stabilizers that cannot readily diffuse as a replacement for small-
molecule surfactants. Novel polystyrene-block-(polystyrene-random-poly(acrylic acid)) “block-
random” copolymers (BRCs) developed by our group have been shown to effectively stabilize 
emulsion polymerizations with a unique particle formation mechanism.1 This talk will focus on the 
unusual behaviour observed when these materials are dispersed in alkaline water (Fig. 1) prior to 
being used in emulsion polymerization. 



Copolymer concentrations upwards of 300 g/L can be achieved in as little as 10 minutes

when BRCs contain less than 30 mol% acrylic acid. This represents an unprecedented ease

of dispersion, considering polystyrene-block-poly(acrylic acid) block copolymers of similar

composition are limited to 1 g/L in 24 hours.2 By understanding the solution properties of

BRCs in aqueous media insight into how these materials impact the properties of

emulsion polymer products can be gained. In addition to the established use of BRCs as

stabilizers in emulsion polymerization, these materials have the potential to be applied in

other fields, such as catalysis and biomedicine.



Fig 1. Dispersion of  polystyrene-block-(polystyrene-random-

poly(acrylic acid)) block-random copolymers in alkaline water.

1. C. A. Sanders, S. R. George, G. A. Deeter, J. D. Campbell, B. Reck 

and M. F. Cunningham, Macromolecules, 2019, 52, 4510–4519.

2. S. George, R. Champagne-Hartley, G. Deeter, D. Campbell, B. Reck, 

D. Urban and M. Cunningham, Macromolecules, 2015, 48, 8913–8920.



PARAMETER ESTIMATION IN A PO3G MODEL 
WITH TEMPERATURE EFFECTS
SUNNY VO

A comprehensive dataset containing 1779 measured values, collected from 7 experimental runs, is

used for parameter estimation in a model for batch polycondensation of bio‐based 1,3‐propanediol.

The data are from dynamic experiments conducted between 160 and 180 ̊C using a super‐acid catalyst

with concentrations between 0.1 and 0.25 wt%. The model accounts for generation, consumption and

evaporation of linear and cyclic oligomers, the inhibitory influence of water on the rate of

polycondensation, and the dynamic behavior of an overhead condenser. In total, the model contains

70 kinetic, transport and thermodynamic parameters. A mean‐squared‐error criterion reveals that the

influence of temperature on mass‐transfer coefficients is significant. The model provides a good fit to

the data and also gives reliable predictions of validation data that are not used in parameter

estimation. Typical deviations between model predictions and data are within 1.75% of average

measured values for linear and cyclic oligomers.


