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Production of nano crystalline cellulose from agricultural biomass 
Rheology and Materials Processing Group, City 

Project Description 

Rice husk (RH) is one of the largest, if not the largest, agricultural waste in Australia and around the world. 
Each year a large amount of RH (approximately 20-25 wt% of the harvested rice) is generated during the 
rice harvesting and processing season. Whilst some of the RH is used as animal’s food and bedding, there 
are still large amounts which remain unused or are either discarded or burnt off (a general practice in 
developing countries); this creates problems for the environment. RH comprises of cellulose (40 wt%), 
hemicellulose (30 wt%), lignin (10 wt%) and silica (20 wt%); these compositions vary from one place to 
another due to the weather and geographical locations. Therefore, RH can be used as a potential source of 
biomass to produce high value-added products such as micro crystalline cellulose (MCC), micro fibrillated 
cellulose (MFC), nano crystalline cellulose (NCC), nano fibrillated cellulose (NFC), etc. 

During the last two decades, researchers have been focusing on the use of lignocellulosic biomass for 
miscellaneous applications like bio-oil, bio-fuel, bacterial cellulose, bioethanol and biomolecule production 
due to its low cost and abundance in supply around the world. Agricultural waste biomass such as coconut 
husk [1], cassava bagasse [2], banana fibre [3], mulberry bark [4, 5], soybean pods [6], cornstalks [7], sisal 
fibres [8], wheat straw, and soy hulls [9] have been used as a resource in the production of NCC. However, 
the production of NCC from RH has not been explored widely yet, not to mention the scale up investigation 
and other challenges and opportunities associated with this work. 

The current work being conducted at RMIT, led by Assoc Prof Nhol Kao’s research group, demonstrated 
that NCC of high purity and crystallinity could be produced from RH. The next stage is to explore better 
technique(s), optimize the extraction process, and hence investigate the scale up options of producing NCC 
from RH. 

References: 
M. F. Rosa, E. S. Medeiros, J. A. Malmonge, K. S. Gregorski, D. F. Wood, L. H. C. Mattoso, G. Glenn, W. J. Orts, S. H. Imam.
Cellulose nanowhiskers from coconut husk fibres: effect of preparation conditions on their thermal and morphological behaviour.
Carbohydrate Polymer 81 (2010) 83-92.
D. Pasquini, E. D. M. Teixeira, A. A. D.S. Curvelo, M. N. Belgacem. A. Dufresne. Extraction of cellulose whiskers from cassava
bagasse and their applications as reinforcing agent in natural rubber. Ind. Crop Prod. 32 (2010) 486-490.
R. Zuluaga, J. –L. Putaux, A. Restrepo, I. Mondragon, P. Ganan. Cellulose microfibrils from banana farming residues: Isolation
and characterization. Cellulose 14 (2007) 585-592.
Q. Li, J. Zhou, L. Zhang. Structure and properties of the nanocomposite films of chitosan reinforced with cellulose whiskers. J.
Polym. Sci. Polym. Phys. 47 (2009a) 1069-1077.
R. Li, J. Fei, Y. Cai, Y. Li, J. Feng, J. Yao, Cellulose whiskers extracted from mulberry: a novel biomass production. Carbohydr.
Polym. 76 (2009b) 94-99.
B. Wang, M. Sain. Isolation of nanofibres from soybean source and their reinforcing capability on synthetic polymer. Compos.
Sci. Technol. 67 (2007) 2521-2527.
N. Reddy, Y. Yang. Structure and properties of high quality natural cellulose fibres from cornstalks. Polymer 46 (2005) 5494-
5500.
G. Siqueira, S. Tapin-Lingua, J. Bras, D. da Silva Perez, A. Dufresne. Mechanical properties of natural rubber nanocomposites
reinforced with cellulosic nanoparticles obtained from combined mechanical shearing, and enzymatic and acid hydrolysis of sisal
fibres. Cellulose 18 (2010) 57-65
A. Alemdar, and M. Sain. Isolation and characterization of nanofibres from agricultural residue - wheat straw and soy hulls.
Bioresour. Technol. 99 (2008a) 1664-1671.
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Flow behavior of sludge in model anaerobic digesters with submerged 

 

recirculating jets 
Chemical Engineering Discipline, Rheology and Materials Processing Research Group, City 

 
Project Description 

 
The project will involve the study of sludge flow in a model anaerobic digester with a submerged 
recirculating jet using electrical resistance tomography (ERT). Anaerobic digestion is used in the treatment 
of wastewater sludge for the primary purpose of stabilising the organic matter in sludge before its disposal 
and and reducing odours, pathogen concentration, and organic solids mass. Furthermore, the organic matter 
is biologically converted into methane and carbon dioxide, forming a mixture known as biogas which can be 
captured and used as a source of renewable energy. 
Enhancing the efficiency of an anaerobic digester, which is a large bioreactor, is highly desirable because it 
leads to higher biogas yield, reduced energy usage in the plant and improved quality of residual biomass 
which has horticultural and agricultural applications provided its pathogen concentration is acceptable. The 
efficiency of anaerobic digester depends on numerous factors such as temperature, pH, feed rate and mode, 
toxicity and organic solids loading. But all of these factors are influenced significantly by the extent sludge 
is mobilised within the digester. Adequate flow of sludge is critical to the success of digestion as it enhances 
the intimate contact between the substrate and microorganism, increases the mass transfer rate and aids in 
maintaining physical, chemical and biological uniformity within the digester. 
Wastewater sludge is a complex non-Newtonian fluid which possesses a yield stress and exhibits shear 
thinning behaviour. Mixing of such fluids at lower shear rates, as required for anaerobic digestion, often 
leads to the formation of a well-mixed zone in the form of a ‘cavern’ or ‘active mixing region,' surrounded 
by ‘dead zones’ or ‘inactive regions’ which are unmixed. Although it has been hypothesised that active 
regions and dead zones exist in anaerobic digesters, especially at higher solids concentrations, this has not 
been proven yet. Flow visualisation techniques cannot be applied to study the dead zones in  opaque 
materials such as sludge. Thus prior studies used rheologically similar transparent model liquids which have 
limited reliability. In the proposed work, electrical resistance tomography (ERT) will be employed for the 
first time to determine whether active and/or dead zones occur in a model anaerobic digester containing real 
sludge and analyse the effect of solids concentration and mixing intensity on active volume. 

 
The aim of the project is to determine the type of flow structures formed in real sludge processed in a model 
digester equipped with submerged recirculating jet system using electrical resistance tomography and how 
they are influenced by key operating parameters such as solids concentration and energy input. The specific 
objectives of the project are to 1) determine whether active volume/cavern formation occurs in sludge handled 
in a model digester by visualising local flow patterns using ERT 2) determine how the solids content of 
sludge and specific power input affects the progress of active volume 3) develop numerical models for 
predicting the active volume as a function of specific power input and solids concentration of the sludge 

 
References: 

1. Kennedy, S. P., Bhattacharjee, P. K., Estiaghi, N., Parthasarathy, R. (2016), Chem Eng Res. Design, 114, 331-340. 
2. Kennedy, S. P., Bhattacharjee, P. K., Estiaghi, N., Parthasarathy, R. (2016), Industrial & Engineering Chemistry Research, 

2016, 55 (40), pp 10771–10781 
3. Bhattacharjee, P. K., Kennedy, S. P., Xu, Q., Estiaghi, N., Parthasarathy, R. (2017), AIChEJ, 10.1002/aic.15640. 
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Kinetics of acid catalysed hydrolysis of lignocellulosic material to produce 

 

sugars in an ionic liquid medium 
Chemical Engineering/Rheology and Materials Processing Group (RMPG), City 

 
Project Description 

 
Lignocellulosic materials (such as sugarcane bagasse) are renewable biomass that can be utilized in the 
development of biofuels such as ethanol. Hydrolysis of hemicellulose and cellulose, contained in pretreated 
biomass, produces monosaccharides that can be fermented to produce ethanol. Since lignocellulosic 
materials possess resistance to hydrolysis, the methods currently involved are not cost-effective for large 
scale ethanol production. Ionic liquid pretreatment of biomass is a relatively new approach that has gained 
popularity due to the ability of decrystallizing cellulose effectively. The cellulose contained within an ionic 
liquid is more readily available for hydrolysis by acids or bases to their constituent monosaccharides.  
Despite the numerous papers published on the use of ionic liquids to dissolve lignocellulosic material with 
subsequent hydrolysis, there is a paucity of any kinetic modeling of the data. 

 
The project aims to study the pretreatment/hydrolysis of lignocellulosic biomass (eg. Sugar cane bagasse) 
using a suitable ionic liquid (eg. 1-Butyl-3-methylimidazolium chloride)/acid (or base) combination, 
determining the yield of reducing sugars in the resulting hydrolysate solution, and kinetic modeling of the 
data found. 

 
References: 
[1].  Li, Changzhi; Wang, Qian; Zhao, Zongbao K., Acid in ionic liquid: An efficient system for hydrolysis of lignocellulose, 
GREEN CHEMISTRY, Volume: 10(2): 177-182, 2008 
[2]. Zhu, Shengdong; Wang, Ke; Huang, Wenjing, Acid-Catalyzed Hydrolysis of Lignocellulosic Biomass in Ionic Liquids for 
Ethanol Production: Opportunities & Challenges, BIORESOURCES,   Volume: 11(1): 3-5, 2016 
[3]. Reddy, P., A critical review of ionic liquids for the pretreatment of lignocellulosic biomass, South African Journal of Science, 
Volume: 111(11-12): 1-9, 2015 
[4]. Vekariya, R. L., A review of ionic liquids: Applications towards catalytic organic transformations, JOURNAL OF 
MOLECULAR LIQUIDS, Volume: 227: 44-60, 2017 
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Production and characterization of lignocellulosic sourced biochar for 

 

slurry fuel applications 
Chemical Engineering/Rheology and Materials Processing Group (RMPG), City 

 
Project Description 

 
Sugar cane bagasse (SCB) is, globally, the largest source of agricultural, waste lignocellulosic material. 
Therefore, considerable research effort is expended on investigating uses for SCB, including the pyrolysis of 
the material to yield biochar useful as a fertiliser, renewable fuel or chemical adsorbent. 

 
Experiments are to be conducted to produce biochar from treated SCB in a tube furnace (~400°C) under an 
inert atmosphere. Treatment of the SCB consists of addition of low concentrations of phosphate or sulphate 
based chemicals so as to increase the final yield of biochar. Experiments will also be conducted using 
thermal gravimetric analysis coupled with analysis of the released gases (TGA-FTIR) to study the effect of 
the chemical treatment on the thermal degradation mechanism and kinetics. 

 
Analysis of the biochar properties is to be conducted using wide-angle X-ray scattering (WAXS), scanning 
electron microscopy (SEM) and X-ray fluorescence (XRF). The effect of chemical treatment on the kinetics 
of the SCB degradation by initiating catalytic dehydration of the hemicellulose and cellulose components is 
to be investigated. 

 
The chemical and physical properties of a char-water fue produced from sugarcane bagasse will be studied 
by measuring rheological properties, suspension stability, energy content, chemical content etc. 

 
References: 
[1]. Abdullah, H & Wu, H 2011, ‘Bioslurry as a Fuel. 4. Preparation of Bioslurry Fuels from Biochar and the Bio-oil-Rich 
Fractions after Bio-oil/Biodiesel Extraction’, Energy Fuels, vol. 25, no. 4, pp. 1759-1771. 
[2]. Chen, R, Wilson, M, Leong, YK, Bryant, P, Yang, H & Zhang, DK 2011, ‘Preparation and rheology of biochar, lignite char 
and coal slurry fuels’, Fuel, vol. 90, pp. 1689-1695. 
[3]. Fan, Y, Hu, H, Jin, L, Zhu, S & Z, Q 2013, ‘Static stability and rheological behavior of lignite char-water mixture’, Fuel, vol. 
104, pp. 7-13. 
[4]. Griffin, GJ, Tan, CK, Ho, LK & Pannirselvam, M 2015, ‘Conversion of bagasse to char-water fuel by pyrolysis’, WIT 
Transactions on Ecology and the Environment, vol. 195, pp. 39-49. 
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Innovative Biochar Materials for Soil Amendment 
Chemical and Environmental Engineering, City 

 

 
Project Description 

 
Soil amendments with the use of biochar is not a new concept yet there are no optimized standards or 
methods available to assess the environmental and economic advantages of biochar for its  
commercialization [1]. The main objective of using biochar extensively in environmental management 
includes (a) soil improvement, (b) waste management, (c) mitigation of climate change, and (d) energy 
production [2]. Biochar technology seems to have a promising future. However, continuous research is 
essential for the development of this technology. 

 
This project will look at preparing innovative biochar for soil amendment using waste materials as 
precursors (biosolids, paunch waste). 

 

References: 
 

[1] D.J. Tenenbaum, Environmental Health Perspectives 117, (2009). 

[2] J. Lehmann and S. Joseph, Biochar for Environmental Management: Science and Technology (Taylor and Francis, London 
, 2012). 
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Development of Plasma-based Pathogen-free Food Processing Technology 
Chemical and Environmental Engineering, City 

 

 

Project Description 
 
Food-borne illness is a great challenge in the modern world as it is often difficult to predict the growth of 
microorganism in many foods such as processed meat and fish [1]. During meat processing the outer layer of 
meat can be microbial-free, but microorganism may present at the core of the processed meat. While meat is 
stored at lower temperature, it can be a suitable temperature for microorganism growth during transportation 
and handling. Once meat or fish reaches to the retail stores, it is often difficult to ensure that consumers are 
getting pathogen-free meat and fish. A better way of handling this problem is to ensure that these foods are 
completely pathogen-free before it reaches to any retail store. 

 
Non-equilibrium plasma offers the development of pathogen-free food processing technologies [2-4]. 
Plasma, in general, is a fourth state of matter. A plasma is constituted with a number of active species 
including electrons, ions, radicals and metastable excited species. In a non-equilibrium plasma, the 
temperature of electron is very high when compared to the temperatures of ions and neutrals. Thus a non- 
equilibrium plasma produces active species that are energetic enough to kill the pathogens while preserving 
the quality of food. 

 
This project offers the development of a non-equilibrium plasma based technology that can ensure that the 
processed foods are pathogen-free. The project will include experimental work as well as theoretical 
modeling and several of the fundamental and applied research questions will be attempted. The economic 
benefit of the process will be investigated. In addition, a detailed study will be carried out to ensure that the 
final food product meets the required quality set by the relevant authorities. This project is suitable for one 
PhD study. The prospective student needs to have background in chemistry / chemical engineering / material 
processing / mechanical engineering. 

 
 

References: 
[1].  A. Fridman. Plasma Chemistry. Cambridge University Press, 2008. 
[2]. S. A. Mir, M. A. Shah and M. M. Mir, Food and Bioprocess Technology, 9 (2016) 734. 
[3].  M. Laroussi, Plasma Processes and Polymers 2 (2005) 391. 
[4].  C. Morris, A. L. Brody and L. Wicker, Packaging Technology and Science 20 (2007) 275. 
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Conversion of Waste Materials into Value Added Carbon Nanofibres 
Chemical and Environmental Engineering, City 

 

Project Description 
 
This project will involve the fundamental investigations related to 1.) the screening of most suitable catalysts 
for vapor deposition process and 2.) the process and reactor design with an aim to produce ultra-high purity 
carbon nanofibers from waste materials. 

 
Several studies have published interesting results describing the use of high quality biomass to generate 
value added products that can have applications in the field of agriculture, soil remediation, waste water 
treatment, construction and advanced energy sector [1-2]. These value added products could be either char, 
activated carbon or carbon nanofibers. The proposed project will be an extension to these studies where 
instead of high quality biomass, the use of waste materials (such as plastics, biomass waste, agricultural 
waste, sewage sludge, municipal solid waste, industrial waste, tyres) for carbon nanofibers production will 
be fundamentally investigated. Literature has reported the use of several synthetic catalysts such as Nickel, 
Copper and Cobalt in Chemical Vapor Deposition (CVD) method to produce carbon nanofibers [2]. 
However, there exists a wide gap in our knowledge about the suitable characteristics and role of these 
catalysts that can enhance vapor deposition reaction (mainly to produce high quality carbon naofiber 
structures). Pore blocking and deactivation of catalysts have also been considered as the major hurdles in the 
scale up and commercialization of vapor deposition methods [3]. It is hypothesized that identification of 
appropriate reaction mechanisms at varied operating conditions and physico-chemical properties of catalysts 
will help understanding and further improving the vapor deposition process. Also role of natural minerals 
(that attains similar characteristics as synthetic catalysts such as high surface area, porosity and mechanical 
strength) in vapor deposition needs be established to reduce overall costs associated with the replacement of 
synthetic and expensive catalysts due to pore blocking or deactivation. It is also believed that reactor design 
and energy integration may play important role in improving the reaction mechanisms, efficiency and 
techno-economics of the vapor deposition methods. 

 
The aim of this project will be 1.) to identify the most suitable low cost catalysts/minerals for waste 
conversion into carbon nanofibers, 2.) to understand their reaction mechanisms for carbon nanofiber 
production, 3.) to generate process envelope that helps achieving the highest efficiency and most favorable 
techno-economics. The project would require fundamental investigations at macro, micro and molecular 
levels. Modeling tools such as HSC Chemistry and ASPEN Plus will be used to identify most suitable low 
cost catalysts/minerals and to perform process modeling respectively. Experimental investigations will be 
carried out using a bench-scale experimental CVD rig to study the reaction mechanisms. Several advanced 
characterization methods (such as SEM-XRD, TEM, XRF, EDS, HNMR, BET etc.) will be employed to 
characterize the carbon nanofiber structures. For molecular level, understanding, DFT modeling will be 
employed. 

 
References: 
[1]. Ong, Yit Thai, et al. Brazilian Journal of Chemical Engineering 27.2 (2010): 227-242. [REVIEW] 
[2]. Bernd, Maria G. Sebag, et al. Journal of Materials Research and Technology (2017). [REVIEW] 
[3].  Song, Hongyan et al. Journal of Nanoscience and Nanotechnology 14.2 (2014): 1799-1810. 
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Biosolids to Platform Chemicals and Biochar 
Chemical and Environmental Engineering, City 

Project Description 

 

 

Biosolids, also known as stabilized sewage sludge or wastewater treatment residuals, is a major source of 
hydrocarbons and plant nutrients, especially nitrogen (N) and phosphorus (P). Biosolids unlike majority of 
the other waste biomass materials is found to be hetero-aromatic. It has been identified in the literature that 
upon pyrolysis (i.e. thermal decomposition) biosolids releases ~50% oil, ~40% char and ~10% gas [1]. 
Higher oil and char content in biosolids is making them attractive to produce platform chemicals and biochar 
for refinery and agricultural applications respectively. The transformation of biosolids to chemicals and char 
can be generally realized by three different techniques: thermal, biochemical, and chemical routes. Thermal 
techniques, like pyrolysis can take full advantage of the entire organic substance of this resource. 
Nevertheless, these techniques still suffer from the disadvantages of low selectivity and yield for platform 
chemicals and high energy input which are unacceptable [2-3]. 

 
The proposed project is aiming at improving the selectivity and reducing the energy input by introducing 
novel catalysts and thermal integration techniques respectively in a conventional pyrolysis process. The 
catalysts with improved characteristics will be prepared via wet/dry impregnation methods in a laboratory 
and tested at different pyrolysis temperatures in TGA, fixed bed and fluidized bed reactors coupled with 
FTIR, GC-MS and MRU gas analyser. Selectivity and yield for platform chemicals and char production will 
be measured for each catalyst. The comparison of biosolids and other waste biomass materials for platform 
chemicals production will also be established. Advanced characterization of biochar produced from 
pyrolysis of biosolids will be performed using SEM-XRD, TEM, XRF, EDS, HNMR and BET. HSC 
Chemistry and ASPEN Plus will be used to develop a process envelope of catalytic pyrolysis process. 

 
References: 
[1].  Wang, Kaige, et al. Bioresource Technology 232 (2017): 229-234. 
[2].  Kamm, B. Angewandte Chemie International Edition 46.27 (2007): 5056-5058. 
[3]. Clark, James H., and Fabien Deswarte, eds. Introduction to chemicals from biomass. John Wiley & Sons, 2015. [BOOK] 
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Rapid Evaluation Assessment of Corrosion Inhibitors 
Chemical and Environmental Engineering and Manufacturing, Mechatronics and Materials, City 

Project Description 

 

 

The worldwide costs associated with aerospace and marine corrosion runs into billions of dollars per year, 
with a large proportion of the total direct cost associated with the use of protective coatings. Structural 
aluminium alloys are well established in these areas, particularly the 2XXX and 7XXX series for aerospace 
applications and to a lesser extent, 5XXX and 6XXX series for marine applications. The benefits of these 
alloys include high strength to weight ratio, durability, cost effectiveness and low corrosion rates. However, 
these alloys are particularly susceptible to various forms of general and localised corrosion, to include 
galvanic, pitting and intergranular corrosion, when exposed to sea water.  While corrosion cannot be  
stopped, one of the most effective methods for reducing corrosion in these situations is through the use of 
suitable inhibitors. As there are very few paints that are able to act as a complete barrier to the ingress of 
moisture and salts, the use of protective paints impregnated with corrosion inhibitors are the most viable 
option [1]. 
The use of inhibitors for the protection of Al alloys is well established. While various inhibitors have been 
developed and assessed for the protection of these grade Al alloys, for many decades the most common 
practice has been the addition of chromate based pigments to paint films, chromates being recognised as 
extremely robust and effective inhibitors [1]. However, increasing awareness of the toxicity and 
environmental hazards associated with chromates, has led to the search for alternative inhibitors that are less 
toxic, affordable and effective at low concentrations. 
Traditionally, the development of an inhibitor system for a particular application, can be extremely time 
consuming, particularly if a systematic study utilising various techniques is applied to a large, diverse range 
of potential inhibitors. Testing times can range from hours using electrochemical (LPR, EIS, 
potentiodynamic scanning, etc) testing, through to weeks (weight loss experiments, pitting studies) and even 
years for outdoor exposure field trials [1]. 
Clearly there is a need to develop rapid screening techniques, particularly for evaluating synergism effects 
for combined inhibitors that can reduce the testing time significantly. The aim of this project is to utilise and 
refine a rapid screening technique developed by CSIRO [2-4], for testing a wide range of potential inhibitors 
for these Al alloy systems, combined with appropriate electrochemical corrosion testing techniques. 

 
References 
1. T.H. Muster et al, A rapid screening multi-electrode method for the evaluation of corrosion, inhibitors, Electrochimica Acta 54 
(2009) 3402–3411 
2. L.P. Ward et al, Corrosion inhibition assessment of marine grade al alloys using a rapid screening technique , Proc. Corrosion 
and Prevention Conference 2016 (CAP16), Auckland, NZ, 13 – 16 November 2016, Paper #085 pp 1- 9 
3. P.A. White et al, High-throughput channel arrays for inhibitor testing: Proof of concept for AA2024-T3, Corrosion Science 51 
(2009) 2279–2290 
4. P.A. White et al, A new high-throughput method for corrosion testing, Corrosion Science 58 (2012) 327–331 
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Studies on Alternative Low Toxicity Corrosion Inhibitors 
Chemical and Environmental Engineering, Rheology and Materials Group (RMPG), City 

 

Manufacturing, Mechatronics and Materials Group, City 
 

Project Description 
 
From all the methods available for corrosion control, the use of corrosion inhibitors is one of the more 
practical methods for the protection of carbon steel and other less corrosion resistant materials against 
seawater, due to the low cost and ease in their application to the components. Most of the common  
inhibitors, which are organic compound bases, inhibit corrosion via adsorption at the metal–solution 
interface. The mode of adsorption is dependent on factors such structure of the molecule, solution chemistry, 
characteristics of the metal surface, and electrochemical potential at the interface. 

 
Many of the inorganic and organic compounds currently used as conventional possess health and 
environmental hazards, particularly chromate based inhibitors. This has stimulated research into the 
development of more environmentally friendly replacements, to include polyaspartic acid (PASP) 
derivatives [1,2] and plant sources [3,4]. Polyaspartic acid (PASP) is a non-phosphorus based biodegradable 
polyaminoacid, which has been used as an environment-friendly scale and corrosion inhibitor for fresh- 
water applications. However, for improved corrosion and scale inhibition performance in seawater, the most 
promising method appears to be the introduction of various functional groups having scale inhibition effect 
(e.g., carboxylic acid, phosphonic acid and sulfonic acid) to the side chain of PASP through the ring-opening 
reaction by amine-group catalysis. 

 
Plants have been recognized as sources of naturally occurring compounds that are generally referred to as 
‘green’ compounds, some with rather complex molecular structures and which may provide inhibiting 
properties. There has been a growing trend in the use of natural products as corrosion inhibitors for metals in 
various corrosive media due to bio-degradability, ecofriendliness, low cost and availability. 

 
The purpose of this research program is to systematically study and assess the potential of these groups of 
compounds for their corrosion inhibiting qualities using a range of electrochemical corrosion monitoring 
techniques and surface characterisation techniques. 

 
References 
1. Y. Gao et al, synthesis of polyaspartic acid derivative and evaluation of its corrosion and scale inhibition performance in 
seawater utilization, Desalination, 365 (2015) 220-226 
2. Y. Xu et al, Synthesis of polyaspartic acid / 5-amioorotic acid graft copolymer and evaluation of its scale inhibition and 
corrosion inhibition performance, Desalination 311 (2013) 156-161 
3. P.B. Raja, and M.G. Sethuraman, Natural products as corrosion inhibitor for metals in corrosive media — A review, Materials 
Letters 62 (2009) 113–116 
4. A. Rani and B. Basu. Green inhibitors for corrosion protection of metals and alloys: An 0verview, International Journal of 
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Potential of Anaerobic Digestion/Co-digestion of Organic and Agro- 
industrial Wastes: The Use of C/N Ratio for Substrates Mixing and Dry 

versus Low and High Solids Wet Anaerobic Digestion) 
Chemical and Environmental Engineering Discipline, WETT Centre, City 

 
Project Description 

 
Biomass (e.g. agricultural residues, food wastes, organic fraction of municipal solid wastes, OFMSW)) has 
received great attention during the last decade as a renewable energy source. The use of these wastes as a 
feedstock for biogas production using anaerobic digestion, AD, or biofuel using fermentation offer the 
industry and the communities opportunities for economic an environmental benefits. However, the variation 
in the substrates characteristics e.g. C/N ratio, pH, alkalinity, ammonia, recalcitrance are all factors that 
limits the use of conventional AD, i.e. single substrate an single stage for the generation of renewable energy 
form wastes efficiently. Therefore, co-digestion of multiple substrates has been investigated to identify the 
processes and operation conditions for enhanced biogas yield and quality by-products, eg fertilisers and 
nutrient recovery based-processes. The aim of this project is to develop a methodology that allows for 
assessing the potential of the co-digestion of multiple wastes and determines the optimum operation 
conditions 

 
AD can be classified as wet (total solids, TS <10%), semi-solid (TS 10–25%) and solid or dry state (TS >20- 
40%). Very little research has been done on the use of AD for biogas production from wastes of high solids 
content, i.e TS> 80%. The use of conventional wet AD for wastes of high solids content require the use of 
large volumes of a water or liquid wastes, which is not feasible. The use of Dry AD is not a common 
practice mainly due to longer retention time, type of infrastructure and the lack of knowledge concerning 
operating conditions, loading and composition. 
Therefore, an associated aim of this project is to investigate the effectiveness and potential use of a modified 
dry AD process for biogas production potential from designated wastes. 

 
References: 
[1]. Chen, Y., J.J. Cheng, and K.S. Creamer, Inhibition of anaerobic digestion process: a review. Bioresource 
technology, 2008. 99(10): p. 4044-4064. 
[2]. Li, Y., S.Y. Park, and J. Zhu, Solid-state anaerobic digestion for methane production from organic waste. 
Renewable and Sustainable Energy Reviews, 2011. 15(1): p. 821-826. 
[3]. Li, Y., et al., Biogas production from co-digestion of corn stover and chicken manure under anaerobic wet, hemi- 
solid, and solid state conditions. Bioresource technology, 2013. 149: p. 406-412. 
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Assessing the environmental and financial impacts of treating municipal 
food waste using anaerobic digestion and co-digestion technologies 

Environmental Engineering, WETT Research Centre, City Campus 
 
Project Description 

 
Approximately 40% of garbage in a household bin comprises of food waste (FW) [1]. The technology that 
treats this FW is pivotal in determining whether valuable energy and nutrients can be captured and utilised  
or whether environmental pollution arises. Waste managers in Australia typically send FW to landfill. A 
strategy widely considered to heighten pollution [2]. But, with government policy driving a minimisation of 
environmental impact, and an increase in resource and energy recovery from waste [3]; this study 
investigates which of a number of commercially available alternative FW management systems have the 
least impact on the environment, and ranks systems accordingly. Moreover, the study ranks the cost of each 
waste management system along with its ability to capture energy and nutrients for reuse. 
Systems are compared using life cycle assessment (LCA) and costing (LCC) methodology and analysed in 
the context of two case study Australian local government areas. The study considers FW from “cradle to 
grave” including collection, pre-treatment, treatment, post-treatment, and end-use processes. The waste 
management systems assessed are; landfilling with gas recovery, composting (home and centralised), 
anaerobic digestion (source separated and mechanically separated FW), and the anaerobic co-digestion of 
sewage sludge and FW (source separated or reticulated sewer collected FW). To ensure the efficacy of the 
LCA and LCC rankings the models undergo sensitivity and uncertainty analysis. Scenario analysis is also 
employed, whereby current government policies and conceivable policy changes are tested to predict effects 
on the viability of each IFWMS. 
As significant changes to FW management are increasingly likely, this research is at the forefront of 
investigating the impacts of these changes, providing state-of-the-art assessment of IFWMS performance 
including the novel systems of anaerobic digestion and co-digestion. The works primary deliverable is to 
produce a decision support toolkit aimed at local governments , enabling them to input their own unique 
waste catchment parameters to more accurately assess environmental and financial impact. The results can 
therefore be used by local governments and waste management decision makers’ when choosing an 
alternative FW management system that meets tightened regulation. Further research may consider a) the 
addition of new alternative treatment systems like incineration as a module into the toolkit, b) integrating the 
mid-point analysis results of the toolkit into a single score assessment, and c) exploring further development 
of uncertainty and risk profiles of each system. 

 
References: 
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pp. 573–88, Mar. 2014. 
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Bioethanol and Green Chemical production from Lignocellulosic Materials 
using Organic S 

Chemical and Environmental Engineering Discipline, WETT Centre, City Campus 
 
Project Description 

 
The aim of this project is to investigate the potential feasibility of the application of organic solvents, eg γ- 
valerolacetone (GVL) on Australian forestry and timber sawdust to assist thermal acid catalysed 
fractionation for subsequent bio-ethanol and green chemical production. 

 
Rationale- The most abundant form of biomass in the world is lignocellulosic material, which includes 
sawdust and forestry thinnings. Australian forestry and timber industries generate 6.5 Mt per year of wood 
waste. Currently 1.7Mt of woody residue is disposed of in landfill, with a large component left to degrade at 
logging sites or combusted, adding a significant contribution to the greenhouse gas emissions of the industry 
[1]. 

 
Recently, research has shifted focus towards effective fractionation of lignocellulosic biomass over 
traditional pre-treatment. The former methods allow for further downstream processing to yield multi- 
products rather than solely bio-ethanol. Many methods are closely linked to the second generation bio- 
ethanol pre-treatments, which focus on optimising digestibility of the cellulose for fermentation. Although 
there are many techniques for fractionation of lignocellulosic biomass, they often require expensive 
chemicals, e.g. ionic liquids, or are associated with corrosive and toxic compounds such as concentrated 
acids [2]. 

 
Organic solvent (Organosolv) techniques are popular alternatives in bio-refining due to their ability to make 
high purity cellulose, high quality lignin, rapid hemicellulose hydrolysis, high solvent recovery and efficient 
operation at small and large scales . The use of γ-valerolactone (GVL) as an organosolv pre-treatment was 
reported to partially and/or completely hydrolyse the cellulose and hemicellulose fraction of lignocellulose 
biomass [3]. Solubilised saccharides were separated from GVL pre-treatment liquors with high recovery in 
subsequent studies via the use of CO2 (80-99%), mineral salts (75-91%) or phenol. 

 
Although GVL has been previously investigated for its ability to solubilise hemicellulose and lignin, the 
emphases of this work is more on the recovery of high purity cellulosic residual biomass (RB). Treatment 
time, temperature and solvent concentration are known to be important factors of pretreatment efficiency. In 
this study a RSM incorporating GVL concentration, temperature and treatment time was used to assess their 
effectiveness and significance for the fractionation of Eucalyptus sawdust and to identify the treatment 
conditions for maximum cellulose content of the RB [3]. 
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Surface Nanodroplets Enabled Micro-sampling Platform for 
Highly Efficient Micro-Nano Extraction 
Soft Matter & Interface Research Group, City Campus 

 
Project Description 

 
This project aims to develop a novel application of surface nanodroplets for pre-concentrating and 
quantitatively analysis of trace solute from aqueous systems. Nano-scale oil droplets will be immobilized on 
a solid substrate in contact with water solution. The droplets then could provide a highly effective 
enrichment and separation of hydrophobic analytes from their aqueous solutions, due to to the high 
participation coefficient in oil, and the large surface area between the droplets and the aqueous sample. 
Comparing with the traditional dispersive liquid-liquid micro-extraction (DLLME) [1] approach that 
requires dispersive solvent and extra stages for sample separation, the surface nanodroplets platform could 
achieve the pre-concentration, separation and in-situ quantitative detection in a single step. 

 
The nanodroplets will be produced on a substrate’s surface through a solvent exchange process [2]. The 
droplet size can be well-controlled by several parameters, including flow rates, flow geometry, gravitational 
effect and composition of solutions in the solvent exchange [3]. With controlled droplet growth and long- 
lifetime stable on surface, the target hydrophobic chemical will then be separated from water phase and 
detected in-situ without further complex steps. A number of applications can be demonstrated by this 
nanodroplet platform including environmental monitoring (e.g. metal ions, micropollutants), food and drink 
analysis (e.g. pesticides, phenols), and pharmaceutical analysis [4] to name a few. 

 
As this project involves in-situ quantitative detection of analytes, many spectroscopic instruments, such as 
UV-Vis, Fluorescence, Infra Red and Raman spectroscopy, will be in highly demanded. Also many standard 
measurement methods including GC, GC-MS, Atomic Absorption, HPLC will be used as supportive 
instruments. In addition, for the fabrication and characterisation on the surface, Photolithography, AFM, 
Confocal Microscopy, SEM, etc. will also be undertaken in multiple research facilities of RMIT. 

 
References: 
 [1]. M.Saraji et al. Anal Bioanal Chem 406 (2014) 7707.  
 [2]. D. Lohse X. Zhang Reviews of modern physics 87 (2015) 981. 
[3]. X. Zhang et al. Proceedings of the National Academy of Sciences 112 (2015) 
9253.  
[4]. A. Zgoła-Grześkowiak et al. TrAC Trends in Analytical Chemistry 30 (2011) 
1382. 
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Impact of Rheological Properties of Sludge on Biogas Production in 
continuous anaerobic digesters 

Chemical and Environmental Engineering, Sludge Rheology Lab, City 
 
Project Description 

 
Increasing focus towards biological treatment of wastewater, the volume of produced waste activated sludge 
(WAS) have increased and raised the serious disposal problem. Today, both the reduction of sludge volume 
and improving its dewatering are needed. In an effort to reduce the volume of excess sludge, anaerobic 
digestion (AD) has been widely used due to added value of produced biogas. Despite many benefits such as 
sludge volume reduction, methane gas production, and the nutrient-rich final product, anaerobic digestion 
process is somewhat notorious for poor economic viability. To enhance the biogas production in digesters to 
pay for themselves or even sold off the extra electricity produced, it has been recommended to increase the 
organic loading. However, it was seen that the rate of the produced biogas still does not meet the industrial 
satisfaction. 

 
Yet, little is known about the underlying reasons explaining the complex interaction between different 
contributors of the process. It is the premise of this work that by evaluating the effect of different properties 
such as sludge rheology, zeta potential, EPS, COD fractions, ammonia, VS, and solid content at the same 
time, we will be able to discover the process bottlenecks. Then we would be able to suggest a selection of an 
appropriate co-substrate to achieve more biogas yield and dewaterability of the digestate without trial and 
error. 

 
Keywords: Anaerobic Digestion, Co-substrate, Degradability, Physiochemical Properties, Sludge Rheology, 
Biogas Production, Dewaterability. 
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Predicting the apparent viscosity and yield stress of sludge mixture based on 
role of organic matter and its chemistry 

Chemical and Environmental Engineering, Sludge Rheology Lab, City 
 
 
Project Description 

 
In wastewater treatment process, secondary sludge is mixed with digested sludge and sent to anaerobic 
digesters. In anaerobic digestion processes, the organic nutrition of sludge is consumed by microorganism in 
a series of biochemical reactions which result in producing biogas as a by-product. The efficiency of the 
anaerobic digestion process is proportional to the degree of mixing sludge and the design of a good mixing 
requires knowledge of sludge rheology. Literature studied different aspects of this process including effect  
of mixing secondary sludge and digested sludge on rheology Eshtiaghi et al. (2016). Eshtiaghi et al. (2016) 
and Markis et al. (2016) have developed an empirical model which correlates rheology of secondary and 
digested sludge-mixture to the rheology of each one sludge. However; there is still a gap of knowledge; what 
is the phenomenological definition of this correlation. so, it is of interest to study changes in electrostatic 
forces, bound water, COD content, etc in the mixture of secondary and digested sludge before and after  
these sludge mixed together. 

 
This study aims to measure secondary and digested sludge physicochemical properties before and after 
mixing together at different ratios to discover its relationship with the change of sludge mixture rheology. 
This will facilitate developing a universal model that any one at any part of the world to use these equations. 

 
 

References: 
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Developing tools and methods for environmental risk assessment of urban 
soil contamination 

Chemical and Environmental Engineering and Centre for Environmental Sustainability and Remediation 
(EnSuRe), City 

 
Project Description 

 
Land contamination is a serious issue in Australia and the world. For example, Australia has over 160,000 
sites with contaminated soil with clean-up costs estimated in the hundreds of billions. Soil contamination is 
currently restricting urban renewal and other uses of the land, and has the potential to negatively impact 
human and ecosystem health. Thus, environmental assessment, management and remediation of 
contaminated soil is critical for the sustainable (re)development of our urban areas. The contaminated land 
industry and government regulators need accurate, simple and robust procedures to assess the risk of 
contaminated sites. While some approaches are available, there are still significant gaps in our knowledge 
with assessments of potentially contaminated sites commonly taking months to years to complete. 

 
Specific areas requiring research include: development of soil quality guidelines for priority contaminants; 
mapping and predicting historical soil pollution and associated risks to communities and the environment; 
identifying and predicting risks associated with contamination-related changes to land; and, assessing risks  
of applying wastes to land using food-chain transfer and ecological-system approaches. 

 
The research from this project will improve risk-based assessments of contaminated land. The project will 
assist urban renewal by providing information to improve policy for and assessment of potentially 
contaminated brown-field and old industrial sites thus paving the way for safe and  sustainable 
redevelopment of these sites. 

 
This project requires candidates to have expertise in at least one of soil chemistry; ecotoxicology; 
environmental or human health risk assessment; environmental chemistry and/or biology. There  are  
multiple topics available under this project. The specific topic will be determined based on the candidates’ 
expertise and interests. Some topics may require ethics approval to be obtained for the research to occur. 
Depending on the project, candidates will need to be prepared to undertake laboratory and/or field work. 

 
References: 
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[4] Mikkonen H.G. et al. 2017. Science of the Total Environment 580: 1410-1420. 
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Using indigenous terrestrial micro-invertebrates to assess environmental 
impacts of soil pollution in Antarctica 

Chemical and Environmental Engineering and Centre for Environmental Sustainability and Remediation 
(EnSuRe), City 

 
Project Description 

 
Past waste disposal practices and current human activities in Antarctica have resulted in a number of 
contaminated and biologically degraded sites [1]. To assess and remediate these sites an understanding of 
how native organisms respond to contamination is required. Terrestrial micro-invertebrates play key roles in 
ecosystem processes (e.g. nutrient cycling) but little is known about the response of Antarctic species to 
pollutants [2]. This project will assess the responses of key micro-invertebrates from East Antarctica (e.g. 
nematodes, rotifers, tardigrades) to hydrocarbon and metal pollution in soils. The project includes collecting 
and developing culturing techniques for Antarctic micro-invertebrates, setting up analysis methods for 
petroleum hydrocarbons and degradation products, ecotoxicity testing for petroleum hydrocarbons  and 
metals [3,4] and assessing factors effecting bioavailability of contaminants [5]. It will be the first Antarctic 
project to assess the impact of soil characteristics and freeze-thaw cycles on contaminant toxicity [6] and the 
effectiveness of using Total Petroleum Hydrocarbon analysis to measure toxicity. Data from this work will 
contribute to the development of guidelines for site assessment, management and remediation, aimed at 
protecting Australia's Antarctic Territory. 

 
This project requires candidates to have expertise in at least one of ecotoxicology, soil chemistry and/or 
environmental chemistry. There are potentially two projects for two students available.  The  specific 
projects will be determined based on the candidates’ expertise and interests. Candidates must be prepared to 
travel and spend time (c. 1 week to >1 month at a time) in Antarctica, Hobart and Sydney to learn techniques 
from project collaborators and conduct field and lab work. 

 
This project is funded under an Australian Antarctic Science grant and is a collaboration between RMIT 
University, Australian Antarctic Science Division and Western Sydney University 
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Emerging Contaminants in Urban Catchments: Source and Sink 
Management 

Environmental Engineering Discipline, WETT Research Centre 
City Campus 

 
Project Description 

 
Urban storm water and flood management (SFM) is becoming increasingly important due to rapid 
urbanization. SFM needs to consider both quality and quantity of storm water that is generated during every 
single storm event. This project is particularly interested in the quality aspect of SFM where the contributing 
factors such as overland flow and pollutants present in sediments need further research. The study will allow 
mapping of the contaminants along the catchments and will provide information on treatment technologies 
that would require to treat those contaminants. 

 
For this study, experience in analytical (chemical) techniques and mathematical modeling will be helpful. 
There are no any ethical concerns that need to be addressed or obtain approval. 
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Application of Hybrid Membrane Technology to Recover Resources from 
Concentrates 

Environmental Engineering Discipline, WETT Research Centre, City Campus 
 
Project Description 

 
Production of brine known as concentrate is an integral part of various industrial and environmental 
processes. While the brine is a valuable resource, it will pose serious threat to the environment if it is 
discharged without proper treatment. Therefore, cost-effective and environmentally benign brine 
management and resource recovery is essential for a sustainable future. Currently, several disposal options 
including surface water discharge, deep-well injection, and evaporation ponds have been used. However, 
these processes are unsustainable and limited by high capital cost and non-ubiquitous applications. Various 
conventional treatment including physicochemical, oxidation and biological processes with varying extent of 
organics removal have been reported in the literature. This study will examine emerging membrane  
processes to minimize brine volume and develop a hybrid membrane processes for better brine management. 
This will not only allow valuable resources to be recovered but also will help to achieve zero liquid 
discharge. 

 
For this study, knowledge in aquatic chemistry and thermodynamics as well as experience in analytical 
(chemical) techniques and mathematical modeling will be helpful. There are no any ethical concerns that 
need to be addressed or obtain approval. However, sample collections from various industries might need 
permits from relevant authorities. 
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Innovative Technologies to Improve the Performance of Constructed 
Wetlands to Protect Port Phillip Bay 

Environmental Engineering Discipline, WETT Research Centre, City Campus 
 
 
Project Description 

 
Population growth and climate change pose significant challenges to maintaining water quality and 
biodiversity in the Port Phillip Bay (PPB). The projected significant population increase will generate more 
sewage and combined with current urbanisation patterns that increase impervious surfaces, more storm  
water and increased nutrient, litter and other pollutant loads in the Bay. This project will develop and trial 
innovative, state-of-the art urban wetland designs and litter traps for improved storm water and waste water 
management that allows for a growing population and changing climate; engage local communities in design 
ideas; and improve water quality in PPB. 

 
For this study, knowledge in aquatic chemistry, biological processes and fluid mechanics as well as 
experience in analytical (chemical) techniques and mathematical modeling will be helpful. There are no any 
ethical concerns that need to be addressed or obtain approval. However, permission from councils will be 
required to conduct field trials. 

 
References: 
[1]. H. Ilyas et al. Journal of Environmental Management 198, Part 1 (2017) 372-383 
[2]. O. G. Gonzalo et al. Science of the Total Environment 584-585 (2017) 1300-1309 
[3]. C. Berberidou et al. Journal of Environmental Management 195, Part 2 (2017) 133-139 
[4]. A. M. Gorito et al. Environmental Pollution 227 (2017) 428-443 
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Advanced Microfluidic & Nanoparticle Drug Delivery Systems for Next 
Generation Inhaled Lung & Brain Therapeutics 

MicroNanomedical Research Centre, Chemical & Environmental Engineering, City 
 
Project Description 

 
Biologics—macromolecular compounds isolated and engineered from natural sources (e.g., microorganism, 
animal or human) such as DNA, RNAi, bacteriophages, peptides, proteins and stem cells—constitute the 
next generation in therapeutics. Nevertheless, it is incredibly difficult to administer these large molecule 
drugs by inhalation, either intranasally or via the pulmonary tract, due to their susceptibility to denature, 
particularly upon aerosolisation [1]. 

 
A novel acoustomicrofluidic nebulisation platform recently developed at the RMIT MicroNanomedical 
Research Centre, however, has however been shown to be a powerful aerosolisation mechanism for such 
biological drugs, whilst preserving their structural and functional viability [2,3]. It is also possible to 
simultaneously encapsulate these drugs in multilayer biodegradable polymer capsules for controlled release 
drug delivery using this method [4]. Additional advantages of the platform include its low cost, portability, 
dose tunability and fast administration times. 

 
Funded in part by the Johnson & Johnson Innovation and the Australian Government’s Department of 
Industry & Science, the project aims to extend this breakthrough development to demonstrate its potential to 
vaccinate or treat a wide range of brain and lung diseases; examples of the former are neurodegenerative 
conditions such as epilepsy and Alzheimer’s diseases, whereas the latter includes cystic fibrosis, influenza 
and lung cancer. The project will span device fabrication and optimization; in vitro characterisation of the 
aerosol size distribution and post-nebulised drug stability; as well as animal and human clinical trials 
(subject to ethics approval). Given the interdisciplinary nature of the project, students will receive training 
across a number of subject fields, including nanofabrication, biotechnology, pharmaceutical science, 
engineering (electrical, mechanical, chemical, materials) and biomedicine. Students will also have access to 
state-of-the-art nanofabrication cleanrooms and biological characterisation laboratory at the RMIT 
MicroNano Research Facility, and the advanced microscopy tools (atomic force microscopy, scanning 
electron microscopy, transmission electron microscopy) at the RMIT Microscopy & Microanalysis Facility. 

 
References: 
[1]. J. S. Patton and P. R. Byron, Nature Reviews Drug Discovery 6 (2007) 67. 
[2].  A. R. Rezk et al. Advanced Materials 28 (2016) 1970. 
[3].  A. Rajapaksa et al. Respiratory Research 15 (2014) 60. 
[4].  A. Qi et al. ACS Nano 5 (2011) 9583. 
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Microfluidic Methods for Enhancing DNA Transfection 
MicroNanomedical Research Centre, Chemical & Environmental Engineering, City 

 
Project Description 

 
Gene therapy, and, more recently, gene editing, has heralded tremendous promise for treating a wide range  
of diseases [1]. A particular challenge, however, is the low transfection efficiency of DNA within the cell 
when non-viral vectors are employed as a vehicle to mediate transfer of the genetic material cargo into the 
cell. If, and when, the material does get internalised, a further barrier arises in the difficulty of the material  
to successfully navigate a pathway from the endosome upon their internalisation to the nucleus where 
transfection occurs. Instead, a significant amount of DNA ends up in the lysosome where it is degraded. 

 
Recently, we have discovered a novel mechanism using high frequency sound waves which can increase 
cellular uptake of nanoparticles by fivefold by enhancing their translocation through the cell membrane. 
There is little loss of cellular viability in the process, unlike in existing poration methods, which can often 
cause irreversible damage to the cell membrane due to the use of large external fields. More excitingly, it 
was observed that the nanoparticles were distributed through the entire cytoplasm of the cell, instead of 
being localised within the endosome and lysosome when endocytosis is the dominant internalisation 
mechanism. It is thus expected that this new mechanism will improve nuclear uptake of the genetic material, 
and hence lead to a considerable improvement in the transfection efficiency. 

 
As such, the aim of this project will be to explore the use of this novel technology for DNA transfection. In 
particular, we will focus our efforts on some of the most exciting new cancer therapies that have recently 
been discovered, such as CRISPR—a new gene editing tool that facilitates modification of genes within an 
organism [2], and, CAR-T cell therapy—which involves engineering a patient’s own immune cells to 
recognise and attack their tumours [3]. The project will encompass device fabrication and optimisation, cell 
culture and gene delivery. Given the interdisciplinary nature of the project, students will receive training 
across a number of subject fields, including nanofabrication, biotechnology, pharmaceutical science, 
engineering and biomedicine. Students will also have access to state-of-the-art nanofabrication cleanrooms 
and biological characterisation laboratory at the RMIT MicroNano Research Facility, and the advanced 
microscopy tools (atomic force microscopy, scanning electron microscopy, transmission electron 
microscopy) at the RMIT Microscopy & Microanalysis Facility. 

 
References: 
[1].  I. M. Verma and N. Somia. Nature 389 (1997) 239. 
[2].  L. Cong et al. Science 339 (2013) 819. 
[3].  C. A. Klebanoff et al. Nature Medicine 22 (2016) 26. 
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Towards Integrated Miniaturisation of Actuation Schemes in Lab-on-a-Chip 
Point-of-Care Diagnostic Devices 

MicroNanomedical Research Centre, Chemical & Environmental Engineering, City 
 
Project Description 

 
Despite 25 years of microfluidics research, the goal of portable devices for point-of-care and field-use 
applications has remained elusive, largely due to the inability to miniaturise and integrate efficient means for 
driving fluids and manipulating bioparticles at the microscale and nanoscale without requiring large and 
cumbersome laboratory equipment. As such, microfluidics remains a benchscale procedure—a Chip-in-a- 
Lab rather than a Lab-on-a-Chip, and a severe bottleneck thus exists in the commercialisation of genuine  
low cost, portable and integrated devices, especially where consumer point-of-care applications are 
concerned [1,2]. 

 
At the RMIT MicroNanomedical Research Centre, we have demonstrated the ability to efficiently drive a 
wide range of microfluidic actuation and manipulation using surface acoustic waves (SAWs) [3]. This has 
recently received increasing attention within the microfluidic community given its amenability for 
miniaturisation and integration into a truly low-cost portable on-chip platform, thus alleviating the 
commercialisation bottleneck. 

 
This project seeks to extend a portable handheld chemiluminescent detection system that is completely 
miniaturised and integrated by using SAW actuation and microcentrifugation [4] for highly sensitive 
microRNA biosensing. The end goal is to develop a low-cost, lightweight and portable sensing platform for 
point-of-care cancer diagnosis that employs both SAW actuation and detection via a smartphone camera to 
allow true portable and point-of-care functionality. The project will encompass device fabrication and 
optimisation, as well as clinical trials on human physiological samples (subject to ethics approval). Given  
the interdisciplinary nature of the project, students will receive training across a number of subject fields, 
including nanofabrication, biotechnology, chemistry, physics and engineering (electrical, mechanical, 
chemical, materials). Students will have access to state-of-the-art nanofabrication cleanrooms, microscopy 
and biological characterisation/ mammalian cell culture laboratory at the RMIT MicroNano Research 
Facility. 

 
References: 
[1].  E. K. Sackmann et al. Nature 507 (2015) 181. 
[2].  L. Y. Yeo et al. Small 7 (2011) 12. 
[3]. L. Y. Yeo and J. R. Friend. Annual Review of Fluid Mechanics 46 (2014) 379. 
[4].  A. M. G. Martins et al. Analytical Chemistry 86 (2016) 1970. 
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Phonon-Mediated Microfluidic Synthesis, Processing & Manipulation of 
Nanocrystalline Materials 

Micro/Nanophysics Research Laboratory, Chemical & Environmental Engineering, RMIT City Campus 

Project Description 

The ongoing discovery of new nanostructured materials continues to revolutionise the world we live in. 
Some materials possess remarkable physical and chemical properties, thus offering unprecedented 
possibilities for improving the performance or durability of an application. Others, by virtue of their novel 
characteristics, open up new applications altogether that have not been previously possible. These new 
materials—examples of which being two-dimensional materials such as graphene [1] or transition metal 
dichalcogenides [2], and multi-dimensional metal-organic frameworks [3]—often require new methods for 
their synthesis, especially if they are to be scaled up for large scale industrial production. Others require 
further processing and manipulation before they possess the desired characteristics for certain applications. 

Very recently, the Micro/Nanophysics Research Laboratory at RMIT have discovered the intriguing 
possibility of harnessing high frequency phonon sources, i.e., sound waves, for high throughput synthesis 
and manipulation of various classes of these materials [4]. In addition, new crystalline structures that have 
yet to be discovered were also obtained. 

This project will therefore explore a number of directions, ranging from uncovering a fundamental 
understanding of the physical mechanisms that underpin the process by which high frequency sound waves 
are capable of manipulating such materials and their properties, to developing and optimising the technology 
for scaling up the technology towards high yield production. New applications for its exploitation in 
photonics, electronics, energy and biotechnology (e.g., biosensing and drug delivery) will also be explored. 
Given the interdisciplinary nature of the project, students will receive training across a number of subject 
fields, including nanofabrication, engineering (electrical, mechanical, chemical), materials physics and 
chemistry, and biotechnology. Students will also have access to state-of-the-art nanofabrication cleanrooms 
at the RMIT MicroNano Research Facility and the advanced microscopy tools (atomic force microscopy, 
scanning electron microscopy, transmission electron microscopy) at the RMIT Microscopy & Microanalysis 
Facility. 

References: 
[1].  A. K. Geim and K. S. Novoselov. Nature Materials 6 (2007) 183. 
[2].  Q. H. Wang et al. Nature Nanotechnology 7 (2012) 699. 
[3].  H. Furukawa et al. Science 341 (2013) 1230444. 
[4].  A. R. Rezk et al. Nano Letters 16 (2016) 849. 
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A low energy hydrogen production route from renewable biogas 
Chemical and Environmental Engineering

Centre for Advanced Materials and Industrial Chemistry 
City Campus 

Project Description 
 It is estimated that about 30% of the total global 
biogas and natural gas resources (2,600 trillion 
cubic feet) contain significant amounts of carbon 
dioxide (CO2). Figure 1 shows the worldwide 
distribution of the largest natural gas reserves with 
high CO2 content (> 10%) [1]. While high quality 
natural gas fields are depleting, one of the future 
market opportunities will lie in the development of 
more challenging CO2-rich gas having varied CO2 
content (10-70%). The state-of-the-art amine 
absorption technology can economically treat raw 
gas containing up to 10-12% of CO2. 

However, the Lead Investigator recently has innovated a new approach to convert CO2/CH4 mixtures [2]. This 
process makes use of the oxygen storage capacity of ceria-based materials and utilise CO2 as the soft oxidant to 
convert CH4 into syngas. Compared to conventional processes, this novel process can produce satisfactory 
yield of syngas/hydrogen and reduce energy consumption by 50% [3]. The aim of this project is to further 
develop this low energy and low emission route to maximise the production of syngas and/or high purity 
hydrogen from CO2-rich natural gas. This proposal several distinct competitive advantages of incorporating 
CO2 in the chemicals and fuels pools which attracts carbon credits and creates a more sustainable processing 
culture. The specific technical objectives of this project are:   

• To investigate the origin of the low-temperature activity of the redox process.
• To maximise CO2 conversion and hydrogen yield.

All nanocatalysts developed will be assessed in a gas facility for the conversion of CO2/CH4 into hydrogen. 
These nanomaterials will be characterised by advanced techniques including high resolution microscopy 
analysis and X-ray analysis in the synchrotron facility. This project is a collaboration with University of 
Melbourne and CSIRO. 

References 
[1] W.F.J. Burgers, P.S. Northrop, H.S. Kheshgi, J.A. Valencia, Energy Procedia, 4, 2178–2184, 2011
[2] D. Yamaguchi, K. Chiang, L. Tang, Enhanced Syngas Production, Australian provisional application, 17th March 2016
[3] D. Yamaguchi, L. Tang, N. Burke, D. Trimm, K. Nguyen, K. Chiang, Inter. J. Hydrogen Energy, 36, 6646-6656, 2011
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Plasmon Sensitised Semiconductor Nanoparticles as a Novel Photocatalyst for 
Solar Applications 

Chemical and Environmental Engineering 
City Campus 

Project Description 
 Efficient conversion of solar energy into 
electrical and/or chemical energy will contribute 
significant to our sustainable development. One 
promising option for the utilisation of solar 
energy is based on the ability of semiconducting 
photocatalysts to create a highly oxidative and 
reductive environment under sunlight [1]. The 
main objective of the proposed research is to 
develop and investigate a novel composite 
catalyst material by photogenerated carriers and 
localised heat, both generated by plasmonic light 
absorption [2]. Metals such as silver and gold 
nanoparticles are very efficient systems for the 
interaction with visible light due to the excitation 
of plasmon resonances. It is expected that, due to 
the coupling of plasmon resonances in the core with the electron-hole pair generation, these hybrid Ag/Au-
semiconductor nanoparticles will exhibit photocatalytic activity in the visible range thereby more efficiently 
utilising solar energy [3]. 

In situ nanoparticle formation using supramolecule directed assembly will be adopted in this work [4]. In 
essence, the assembly will consist of derivatising the base semiconductor photocatalyst with functional groups 
and employing bi-functional linking agents in order to provide the required modifications for anchoring the 
desired metal species. By appropriate choice of the supramolecule species, it is possible to devise 
methodologies for immobilising metal/semiconductor nanoparticles of controllable sizes and distributions [5,6]. 

The photocatalyst materials developed from this project will be used to activate CO2 for the production of 
higher value chemicals such as methanol. All nanoparticles will be characterised by advanced techniques 
including high resolution microscopy analysis and X-ray analysis in the synchrotron facility.  

References: 
[1] S.Y. Lee, S.J. Park, J. Ind. Eng. Chem. (2013) 19, 1761-1769.
[2] X.Zhang, Y.L. Chen, R.S. Liu, D.P. Tsai, Rep. Prog. Phys. (2013) 76, 1-41
[3] R. Kydd, J. Scott, W.Y. Teoh, K. Chiang, R. Amal, Langmuir (2010), 26(3), 2099-2106.
[4] R. Zhou, M.P. Srinivasan, Langmuir (2013) 29, 13042-13049.
[5] R. Zhou, S. Teo, M.P. Srinivasan, Thin Solid Films (2014) 550, 210-219.
[6] S. Jayaraman, P.S. Kumar, D. Mangalaraj, D. Rajarathnam, S. Ramakrishna, M.P. Srinivasan, RSC Adv. (2014) 4, 11288-11294
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Figure 1. Solar photocatalysis for fuel and chemical 
productions.  
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Quantitative Prediction of Incomplete Mixing in Subsurface Flows 
Water: Effective Tools and Technologies (WETT) Centre, Chemical and Environmental Engineering 

City Campus 

Project Description 

Australia’s major natural resources - including water, mineral and energy reserves - are hosted in the Earth’s 
crust in what may be described as heterogeneous porous media. In this crust, the continual flux of solutes drive 
chemical and biological reactions that directly impact e.g. water quality, energy production, minerals extraction 
and CO2 sequestration. Whilst largely unseen, these processes are of immense environmental, societal and 
economic importance, and growing demands are increasing pressure on these subsurface environments. 

If we could better understand and predict these processes, we could more sustainably manage our natural 
resources and effectively control engineered interventions in the subsurface. Yet, despite intensive efforts over 
the past half-century, computational models fail to capture coupled mixing and reaction in heterogeneous 
porous media [1, 2]. This is due to the fact that heterogeneous media imparts complex mixing dynamics across 
multiple scales which are neither well understood nor quantified [3, 4]. These modelling errors are then further 
amplified in the presence of chemical reaction, where the strong coupling between mixing and reaction leads to 
significantly augmented reaction dynamics [5]. 

This project will directly address this shortcoming by developing novel methods to properly resolve, quantify 
and predict incomplete mixing in subsurface (groundwater) flows. This project will be undertaken in 
collaboration with Prof. Marco Dentz, CSIC, Spain and Prof. Tanguy LeBorgne, CNRS, France, who are world 
leaders in the application of stochastic methods to transport and reaction in porous media. The aim of this 
project will be to develop and solve stochastic models of fluid flow, mixing and reaction in heterogeneous 
porous media, which shall form the basis of subgrid models of incomplete mixing in reactive transport codes. 
This will involve the utilization of continuous time random walk (CTRW) methods to analytically solve the 
governing stochastic differential equations (SDEs) that describe the physics of fluid flow and mixing. This 
study will also include validation of these solutions against direct numerical simulations from CSIC and 
experimental data from CNRS. 

References 
[1]. Chiogna G, Hochstetler D, Bellin A, Kitanidis P, Rolle M. (2012), Mixing, entropy and reactive solute transport, Geophys. Res. 
Lett., 39, L20405. 
[2]. Dentz M. Le Borgne L., Englert A., Bijeljic B. (2011) Mixing, spreading and reaction in heterogeneous media: A review, J. of 
Contam. Hydrol. 120–121: 1–17. (Review). 
[3].  Le Borgne T., Dentz M., Villermaux E. (2013) Stretching, coalescence and mixing in porous media. Phys. Rev. Lett. 110, 
204501. 
[4].  Lester D.R., Metcalfe G., Trefry M.G. (2013) Is chaotic advection inherent to porous media flow? Phys. Rev. Lett. 111, 151101. 
[5].  Tel T., Demoura A., Grebogi C., Karolyi G. (2005) Chemical and biological activity in open flows. Phys. Rep. 413 (2-3): 91–196 
(Review) 
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Experimental Development of the Hydrodynamic Drift Ratchet 
LIFTS (Laboratory for Innovative Fluid Thermal Systems) Group, Mechanical Engineering 

City Campus 

Project Description 

Separation of micro-particles in liquids is paramount to basic human needs, and spanning e.g. chemical 
synthesis, environmental assessment and biological analysis. Conventional separation methods lack selectivity 
and control, and can be costly and inefficient, but microfluidics allows the engineering of low-cost, efficient 
tailored separation systems with very high selectivity and rapid separation. However, microfluidic separation 
methods involving external fields have the critical limitation that the driving force scales linearly with particle 
volume and so can be very inefficient in the presence of Brownian motion [1,2].  

An intriguing, innovative and surprisingly simple solution involves the hydrodynamic drift ratchet [3,4]. This 
device uses a series of ratchet-shaped microfluidic channels within which an oscillatory liquid flow is imposed 
which drives rectified particle motion along the pore. With correct design, different sized particles can then be 
driven in opposite directions resulting in almost 100% separation efficiency. Hence the drift ratchet is capable 
of efficient, continuous separation of micro-particles in the presence of Brownian motion. 

Whilst the potential of the drift ratchet is enormous, this has yet to be realised, as experimental validation of the 
ratchet is an outstanding problem due to design flaws in previous experiments [5,6]. It is important to note 
these flaws do not invalidate the ratchet mechanism. The aim of this project is to to develop a quantitative 
platform to validate simulations and provide a working platform for analysis and optimization. This study shall 
not only involve development of a prototype of a highly efficient massively parallel microfluidic separation 
device, but also involves studies into fundamental science in fluid mechanics, including lubrication 
hydrodynamics and stochastic transport theories. These outcomes will be achieved through micron-scale 
fabrication of a ratchet protoype using photolithography and deep reactive ion etching (DRIE) at RMIT’s 
MNRF. Micro-particle image velocimetry (micro-PIV), fluorescent and confocal microscopy, and particle 
tracking software will then be used to study particle behaviour and fluid flow within the ratchet and verify the 
ratchet mechanism. Based on these studies, an optimal massively parallel prototype shall be designed, 
fabricated and tested to directly demonstrate efficiency of the drift ratchet as a highly efficient separation 
device. 

References: 
[1] Sajeesh et al, A. Microfluid Nanofluid 17, 1-52, (2014) (Review)
[2] Salafi et al, Lab on a Chip 17, 11-33 (2017) (Review)
[3] Reguera et al, Physical Review Letters 108, 020604 (2012)
[4] Matthias et al, Nature 424, 53-57 (2003)
[5] Klaus et al, New Journal of Physics 13, 033038 (2011)
[6] Schindler et al, Physica A 385, 46-58, (2007)
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Flow, Deformation and Rheology of Particulate Gels and Complex Fluids 
Chemical and Environmental Engineering 

City Campus 

Project Description 

Colloidal suspensions and gels are of vital importance to a range of man-made industries and technologies. 
From wastewater treatment and minerals processing operations, through to high-value coatings and 
pharmacological formulations and 3D printed electronic devices; a detailed understanding of the flow behavior, 
deformation and separation (rheology) of these materials is critical to successful process design and materials 
performance. 

Although the rheology of colloidal suspensions under shear or compression alone is well understood [1-3], the 
vast majority of applications involve a combination of both deformation modes, leading to significantly altered 
deformation, flow and separation behavior. Exactly how this occurs is unknown [4], however being able to 
predict and control it has enormous economic and environmental benefits. For example, it has been discovered 
that shearing the suspension at the same time as subjecting it to compression can increase the separation rate by 
orders of magnitude 

This project will involve computational modeling of these complex fluids to develop fundamental 
understanding of their rheology under combined shear and compressive stresses, and how this macroscopic 
behavior relates to the inter-particle normal and frictional forces. The project will involve development of 
computational techniques and subsequent modeling of the flow, deformation and separation of suspensions at 
both the macro- and particle-scale. Part of the development will include techniques to upscale the results from 
the particle-scale to the macro-scale and develop constitutive theories of macroscopic rheology. 
combination of Stokesian Dynamics (SD), Discrete Element Mechanics (DEM) and Computational Fluid 
Dynamics (CFD) simulations at the particle- and macro-scale respectively are required to understand 
suspension behavior under combined shear and compression. Computational predictions will be validated 
against experimental data. This problem sits at the cutting edge of scientific enquiry; despite its importance, 
suspension rheology under such combined loadings has received very little attention to date and is not well 
understood. The progress to be made in this project will be at the forefront of research in this area.  

References: 
[1] Saintillan, Ann. Rev. Fluid Mech. 50 (2017) (Review)
[2] Mari et al, PNAS 112, 50 (2015)
[3] Peters et al, Nature 532 (2016)
[4] Boyer et al, Phys. Rev. Lett. 107 (2011)
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Computational Optimization of the Hydrodynamic Drift Ratchet 
LIFTS (Laboratory for Innovative Fluid Thermal Systems) Group, Mechanical Engineering 

City Campus 

Project Description 

Separation of micro-particles in liquids is paramount to basic human needs, and spanning e.g. chemical 
synthesis, environmental assessment and biological analysis. Conventional separation methods lack selectivity 
and control, and can be costly and inefficient, but microfluidics allows the engineering of low-cost, efficient 
tailored separation systems with very high selectivity and rapid separation. However, microfluidic separation 
methods involving external fields have the critical limitation that the driving force scales linearly with particle 
volume and so can be very inefficient in the presence of Brownian motion [1,2].  

An intriguing, innovative and surprisingly simple solution involves the hydrodynamic drift ratchet [3,4]. This 
device uses a series of ratchet-shaped microfluidic channels within which an oscillatory liquid flow is imposed 
which drives rectified particle motion along the pore. With correct design, different sized particles can then be 
driven in opposite directions resulting in almost 100% separation efficiency. Hence the drift ratchet is capable 
of efficient, continuous separation of micro-particles in the presence of Brownian motion. 

Whilst the potential of the drift ratchet is enormous, this has yet to be realised, as numerical simulations of the 
ratchet are very limited [5,6]. The aim of this project is to to develop a quantitative platform to design and 
optimize the hydrodynamic drift ratchet, validate this against experimental data, and utilize this platform to 
design an optimal massively parallel prototype. These outcomes will be achieved through a combination of 
theoretical fluid mechanics, involving fundamental research into lubrication hydrodynamics and stochastic 
modelling, and computational fluid dynamics (CFD), involving development of boundary element methods 
(BEM) and optimisation methods. 

References 
[1] Sajeesh et al, A. Microfluid Nanofluid 17, 1-52, (2014). (Review)
[2] Salafi et al, Lab on a Chip 17, 11-33 (2017). (Review)
[3] Reguera et al, Physical Review Letters 108, 020604 (2012).
[4] Matthias et al, Nature 424, 53-57 (2003)
[5] Brenk et al. SIAM Journal on Scientific Computing 30, 2777-2798 (2008).
[6] Schindler et al, Physica A 385, 46-58, (2007).
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