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Biofilm sloughing in integrated fixed-film activated sludge (IFAS) systems 

 
Hussain Aqeel 

 

ABSTRACT 
Biofilm sloughing is an integral aspect, and a dynamic activity of biofilm development. This study focused on biofilm sloughing on 

carriers in integrated fixed-film activated sludge (IFAS) systems in both laboratory (LS; synthetic feed) and full-scale (FS; municipal) 

systems. During biofilm development in the LS system the relative hydrophobicity of flocs and biofilm increased with an increase in 

carrier bound biomass. There was a decline in relative hydrophobicity of the flocs and attached biomass upon sloughing. The protein 

to polysaccharide ratio in the extracted EPS of the suspended biomass (flocs and sloughed biomass) and biofilms decreased and 

increased, respectively, which corresponds to confocal imaging showing that micro-colonies with polysaccharide rich content 

sloughing from the biofilms. Sloughed biomass rapidly associated with flocs to form large and compact structures that led to a decrease 

in SVI from 60-70 ml/L to 34 ml/L. The α and β diversities determined by 16S rRNA gene sequencing (Illumina) of FS samples 

revealed greater diversity of the biofilm community compared to flocs. The α diversity of biofilms and suspended solids decreased 

and increased, respectively, during sloughing. The shift in community structure was in part due to the loss of Comamonadacae from 

the biofilm.. At the class level, after biofilm sloughing, Alphaproteobacteria, Gammaproteobacteria, Flavobacteria, 

and Acidobacteria-6 dominated on the remaining biofilm. The relative abundance of Rhodocyclacae decreased in biofilms and flocs, 

after biofilm sloughing. Live-dead staining revealed areas of the biofilm where viability of biomass is an additional factor in sloughing. 
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Integrated and cost-effective nanophotonic-microfluidic sensing platform 

 

Srijit Nair 
 

ABSTRACT 
The combination of microfluidics with photonic structures lead to integrated systems suitable for (bio)sensing applications. The present 

work focuses on the development of sensors through the integration of cost-effective nano-photonic structures made from gold and 

AZO-polymer coated glass substrate and a microfluidic concentration gradient generator with high-dynamic range. Sensing is achieved 

through surface plasmon resonance (SPR) from the photonic nanostructure which resulted in a sensitivity of 410 nm/RIU. The 

microfluidic component enables a dynamic range of 106 at flow velocities compatible with on-chip sensing applications. The developed 

technology in this work demonstrates the suitability for a fully integrated sensing platform based on the optical and microfluidic 

components and potential application to portable diagnostics. 
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MOLECULAR ORIGINS OF HIGHER HARMONICS IN LARGE-

AMPLITUDEOSCILLATORY SHEAR FLOW: SHEAR STRESS RESPONSE                               

Peter Gilbert 
 
ABSTRACT 
Recent work has focused on deepening our understanding of the molecular origins of the higher harmonics that arise in the shear 

stress response of polymeric liquids in large-amplitude oscillatory shear flow. For instance, these higher harmonics have been 

explained by just considering the orientation distribution of rigid dumbbells suspended in a Newtonian solvent. These dumbbells, 

when in dilute suspension, form the simplest relevant molecular model of polymer viscoelasticity, and this model specifically 

neglects interactions between the polymer molecules [R.B. Bird et al., J Chem Phys, 140, 074904 (2014)]. In this paper, we explore 

these interactions by examining the Curtiss-Bird model, a kinetic molecular theory designed specifically to account for the 

restricted motions that arise when polymer chains are concentrated, thus interacting and specifically, entangled. We begin our 

comparison using a heretofore ignored explicit analytical solution [Fan and Bird, JNNFM, 15, 341 (1984)]. For concentrated 

systems, the chain motion transverse to the chain axis is more restricted than along the axis. This anisotropy is described by the 

link tension coefficient, ε, for which several special cases arise: ε = 0 corresponds to reptation, ε > 1/8 to rod-climbing,  

1/2 ≥ ε ≥ 3/4 to reasonable predictions for shear-thinning in steady simple shear flow, and ε = 1 to the dilute solution without 

hydrodynamic interaction. In this paper, we examine the shapes of the shear stress versus shear rate loops for the special cases ε 

= (0,1/8,3/8,1) , and we compare these with those of rigid dumbbell and reptation model predictions. 
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Parameter Subset Selection and estimation for a polymerization model with time delay 

Aly Elraghy 

 

ABSTRACT 

A mathematical model was developed to simulate the Isothermal Condensation polymerization process of Polytrimethylene Glycol from 

1,3-Propanediol. The model developed from the proposed mechanism contained eighteen ordinary differential equations and twenty 

parameters. The model was extended to account for the previously ignored piping time delay related to the condenser. The industrial data 

provided by Dupont was used to estimate and optimize a number of these twenty parameters. A weighted-least-squares objective function 

was derived to perform the parameter subset selection and estimation through a MATLAB code. The Parameters were ranked from most 

estimable to least estimable and the minimum objective function value was determined for each parameter estimation. Then the critical ratio 

method was used in order to obtain the optimum parameter subset and estimates. The optimum number of parameters to be estimated was 

15 and the optimum objective function value was determined to be 175,642. This optimum is an improvement over the previous model.  

 

For future work, it is recommended to incorporate Cyclic Oligomer formation and Cyclic Oligomer evaporation to further improve the fit 

between model predictions and experimental measurements. 
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Block Copolymer Stabilizers in Emulsion Polymerization: Is Low Molecular 

Weight Dispersity a Requisite for High Performance? 

 

Sean George 

 

ABSTRACT 
Emulsion polymerizations are traditionally stabilized by small molecule surfactants due to their well understood behaviour and low cost. 

Amphiphilic block copolymers are a well-known alternative to these traditional stabilizers, offering a high degree of tailoring, lower 

migration and improved efficiency among other benefits; however, the prohibitive production cost of most classes of block copolymers has 

been a barrier to their widespread adoption. It is often assumed that low molecular weight dispersity yields better performance, but 

although producing block copolymers with low molecular weight dispersity can be achieved technically, the cost may be unacceptable. 

Production of block copolymers through more economical processes, e.g. continuous production, may reduce costs, but can be expected to 

increase molecular weight dispersity. Accordingly, this work investigates the impact of block copolymer molecular weight dispersity on 

stabilizer performance, and thereby determines if suitable performance can be achieved with lower cost. 
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ELASTOMERS IN OSCILLATORY UNIAXIAL EXTENSION 

 

Chaimongkol Saengow 

 

ABSTRACT 

In this work, we subject elastomers to a fixed pre-stretch in uniaxial extension, p, upon which a large-amplitude, 0, oscillatory uniaxial 

extensional (LAOE) deformation is superposed. We find that if both p and 0 are large enough, the stress responds with a rich set of higher 

harmonics, both even and odd. We further find the Lissajous-Bowditch plots of our measured stress responses versus uniaxial strain to be 

without two-fold symmetry, and specifically, to be shaped like convex bananas. Our new continuum uniaxial model for this behavior 

combines a new nonlinear spring, in parallel with a Newtonian dashpot, and we call this the Voigt model with strain-hardening. We consider 

this three-parameter (Young’s modulus, viscosity and strainhardening coefficient) model to be the simplest relevant one for the observed 

convex bananas. We fit the parameters to our both uniaxial elongation measurements at constant extension rate, and then to our LAOE 

measurements. We develop analytical expressions for the Fourier components of the stress response, parts both in-phase and out-of-phase 

with the extensional strain, for the zeroth, first, second and third harmonics. We find that the part of the second harmonic that is out-of-phase 

with the strain must be negative for proper banana convexity.  

 

Keyword: Large-Amplitude Oscillatory Extension; LAOE; Styrene-Butadiene 

Rubber; SBR; Steady Uniaxial Extension, Strain-Hardening Spring; Voigt 

Element; Treloar Spring; Modified Treloar Spring 
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KINETIC STUDIES AND MODEL DEVELOPMENT FOR RADICAL 

COPOLYMERIZATION OF HYDROXY FUNCTIONAL MONOMERS 

 

Jan Schier 

 

ABSTRACT 
Solvent-borne acrylic resins used as polymeric binders in automotive coatings or matrices for contact lenses are complex copolymers 

containing reactive functional groups. The introduction of hydroxyl functional monomers such as 2-hydroxyethyl acrylate (HEA) or 2-

hydroxyethyl methacrylate (HEMA) affects the kinetic behaviour of acrylic systems significantly through the introduction of hydrogen 

bonding, resulting in changed conversion profiles, molar mass distributions and copolymer compositions. The latter is of crucial 

importance, as a uniform distribution of functional groups among the chains is needed for post-polymerization crosslinking reactions. In 

this work, propagation coefficients and reactivity ratios have been determined for the highly reactive HEA system using a high frequency 

(up to 500 Hz) pulsed-laser polymerization (PLP) setup combined with size exclusion chromatography (SEC) and proton NMR. A 

summary of results for butyl methacrylate (BMA)/HEA in a set of solvents can be seen in Figure 1.The experiments show that copolymer 

compositions tend to be more affected by solvent choice than the copolymer-averaged propagation rate coefficient, kP
cop, due to the 

hydrogen bonding interactions; kP
cop, however, increases significantly from the BMA homopolymerization value with increasing HEA 

content.  
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Figure 1: Kinetic investigations of BMA/HEA radical copolymerization from PLP experiments in bulk and various solvents: xylenes, MIBK and butyl 
propionate (ester): On the left, experimental composition data (points) and best fit (lines) following terminal model predictions; on the right, composition-
averaged kP

cop values at 50 °C (bottom curve) and 80 °C (top curve) 
 

Surprisingly, the kP
cop behavior for BMA/HEA in all solvents is well represented by the prediction of the terminal model, despite the 

change in reactivity ratios with solvent. However, the penultimate model of propagation must be used to represent the bulk system. This 

behavior, while highly unusual for methacrylate/acrylate systems, reduces the model complexity required, as implicit penultimate unit 

effects can be neglected in these low interacting solvents. Based on these results, a comprehensive kinetic model has been developed in 

Predici® to simulate an industrially relevant starved-fed semi-batch process. The model includes the significant acrylate side reactions 

which occur under these conditions, including backbiting, and β-scission and propagation of mid-chain radicals; these mechanisms highly 

affect the copolymer architecture due to the incorporation of macromonomers and the formation of short chain branchpoints. Through the 

combination of semi-batch and small scale batch experiments, the effect of hydrogen bonding on kbb could be quantitatively estimated, 

including solvent effects. Although the effect of difunctional impurities found in HEA and HEMA is not yet fully implemented and 

understood, experimental and modelled data are already in reasonable agreement. 
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Review of PEM Electrolyzer Durability for Hybrid Energy Storage 

 

Elyse-Johnston Haynes 

 

ABSTRACT 
Global efforts have recently been made to develop reliable and durable storage systems for renewable energy providers given 

increasing greenhouse gas emissions. These energy storage systems should reduce renewables’ dependence on optimal weather 

conditions. A solution to this is a hybrid energy system (HES) that uses electricity produced from renewable energy sources to power 

electrolyzers and generate hydrogen for storage. A fuel cell can then be used to produce electricity from stored hydrogen.  

A case study was performed to investigate an HES located in a 10-house community in Utsira, Norway. The Utsira HES was able to 

provide energy for 2-3 days using a polymer electrolyte membrane electrolyzer and fuel cell. The study recommended tripling 

hydrogen storage capacity from 2400Nm3 to 7200Nm3
 and including another electrolyzer to increase production. It also 

recommended using a 40% efficient fuel cell over the 20% efficient hydrogen engine. Literature review then indicated that HES 

durability could be improved by preventing corrosion to bipolar plates, the micro porous layer, and degradation of the ion conductive 

membrane of electrolyzers.  

A HES should be coupled with time-of-use (TOU) pricing regimes and energy savings feed-in tariffs (ES FITs) to discourage 

excessive consumer energy use. Instituting ES FITs can be useful in the short-term, but can eventually lead to the consumer 

desensitization. TOU pricing coupled with a baseline set of data is recommended for a hybrid like Utsira to prevent redundant policy 

implementation. After establishing a baseline, customers can be encouraged to decrease energy consumption, when paired with 

hybrid energy storage.  

 


