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Hanna Sabieh Abbo

University of the Western Cape

Mentor: Prof IR Green

Broad research area: Catalysis field, fuel cell

Specific research field: Synthesis of supported nanocatalysts
for fuel cell application

Purpose of study:

An intense search is focused on the improvement of fuel cells
performance, particularly platinum-based catalysts, which are still
the most effective anode and cathode catalysts at present. The
catalyst is one of the critical components for prototype proton
exchange membrane fuel cells (PEMFCs) and direct methanol

fuel cells (DMFCs). However, high cost and low durability of these
two types of fuel cells limit their mass applications. Conventional
techniques to prepare platinum on carbon systems based on wet
impregnation and chemical reduction of the metal precursors

often do not provide adequate control of particle shape and size.
Therefore, there is continuing effort to develop alternative synthesis
methods to prepare high performance and low-cost catalysts for
fuel cell application. Thus, the catalytic activity depends on the
procedure used to prepare the catalyst and the type of carbon
support. Therefore, it is very important to find a novel method to
prepare high-performance and low-cost catalysts for fuel cells. We
have successfully developed a polyol process capable of generating
well dispersed Pt nanoparticles deposited on different carbon
supports. The method has many advantages over others, viz. simple
procedure, high-yield, low-cost, environmental benign and excellent
catalytic activity. The catalysts were nanostructured with a diameter
of ca. 1=3 nm, uniform particle size distribution and well dispersed
on carbon according to X-ray diffraction (XRD) and transmission
electron microscopy (TEM) measurements. The composition of
catalysts was analysed by energy dispersive X-ray analysis (EDX).
Electrocatalytic activity of the prepared catalysts was studied by
cyclic voltammetry and oxygen reduction reaction (ORR). The
synthesised Pt/C catalysts showed high electrocatalytic activity in

comparison with commercial catalyst.

Contact: habbo@uwc.ac.za

Sheriff Adewuyi

Rhodes University

Mentor: Prof N Torto

Broad research area: Nanotechnology solutions for drinking
water

Specific research field: Nanofibrous polymer membrane
functionalised with a fluorescence indicator for detection and

selective sorption of metal ion in water.

Purpose of study:

The development of new approaches towards highly selective
adsorption techniques remain a major challenge in the field

of membrane technology. Emphasis has been placed on the
development of compounds that selectively respond to the
presence of specific metal ions through changes in redox
potentials, UV absorption or fluorescence spectra. The fluorescent
polymer 1-(2-Pyridylazo)-2-naphthol (PAN) — poly(acrylic acid)
(PAA) was synthesised by covalent functionalisation of PAN into
PAA. Characterisation of the fluorescent polymer was carried

out with FT-IR spectrometer and UV-visible spectrophotometer.
Sensing abilities of the new polymer materials were characterised
using fluorescence emission spectra obtained from a fluorescence
spectrofluorometer. The fluorescent indicator molecule exhibits
distinct and well defined emission peak. This functionalised
polymer is promising for electrospun nanofibrous membranes

and consequent application for selective detection and uptake of

endocrine metal ions from water samples.

Contact: S Adewuyi@ru.ac.za

Marion Carrier

Stellenbosch University

Broad research area: Chemistry-process engineering-pyrolysis
Specific research field: Co-pyrolysis and co-gasification

modellisation

Purpose of study:

The major chemical components of plant biomass are cellulose,
hemicelluloses and lignin. Cellulose is a linear polymer of
anhydroglucopyranose units linked by ether bonds. Like cellulose,
hemicelluloses are polymers constituted of sugar units. However,
they differ from cellulose in that they are smaller and branched
polymers and usually contain more than one sugar type. They are
also amorphous polysaccharides. Unlike the sugar-based polymers,
lignin is a complex, crosslinked, three-dimensional polymer formed



of phenylpropane units. Due to these chemical differences between
these materials in the biomass, their chemical reactivities are
substantially different.

The knowledge of an accurate chemical composition of complex
plant biomass is a key element in enabling the commercialisation
of processes that efficiently convert biomass into fuels or valuable
chemicals. Furthermore, the kinetics of targeted feedstocks, waste
crops and invasive plants during thermal decomposition has an
influence on their utilisation in pyrolysis and gasification processes.
The knowledge of biomass pyrolysis and gasification kinetics is
of importance in the design and optimisation of pyrolytic reactors.
It is also crucial in understanding the role played by the different
components of the biomass (cellulose, hemicelluloses and lignin)
in the degradation process. Few studies on co-pyrolysis kinetics or
on their modelling have been conducted so far. In addition, studies
integrating the role of lignocellulosic composition in such model
are scarce. In this context, the objectives of this poster is to present
the first works done on the pyrolytic kinetic of corn residues. First
elements on the kinetic parameters and correlations between
by-products and the chemical composition of waste biomasses are
shown. These results will improve the understanding of pyrolytic
reactions during pyrolysis and provide data available for a reactor
design.

Contact: carrier@sun.ac.za

Selvan Govender

Universitat Duisburg-Essen

Mentor: Prof Dr M Ulbricht

Broad research area: Bio-based polymers

Specific research field: Biomimicing polymers for water

treatment

Purpose of study:

Molecular imprinting makes it possible to prepare synthetic
biopolymers containing special recognition ability for certain
target molecules by virtue of pre-designed selectivity for the
template molecule and structurally related molecules. However,
classical molecular imprinted polymers (MIPs) are resin-based
and the inherent kinetic limitations have hindered applications of
this technology. Coupling bio-specific binding sites created using
MIP technology with robust commercial membranes could form
the basis of a technology for biomaterials with artificial antibody
recognition ability. These artificial MIPs can then be applied to the
detection and binding of environmentally recalcitrant hormones,

biotechnologically relevant chemicals and endocrine disrupting
chemicals (EDCs). Specific affinity has been shown for bisphenol A
and biotin conjugates using photografted imprinted membranes.

Contact: ngovender@gmail.com

T Maiyalagan

University of the Western Cape

Mentor: S Pasupathi

Broad research area: Fuel cells, electrochemistry, nanotechnology
Specific research field: High temperature polymer electrolyte
membrane fuel cells

Purpose of study:

Preparation of the high performance MEA will be carried out

by adapting the catalyst coated substrate (CCS) technique and
the MEA components will be optimised in reviewing the best for
HTPEMFC. The catalyst ink composition will be carried out by
changing the content of solvent/ionomer/addictive which strongly
influences the electrochemical kinetics The important parameters
of the catalyst ink are catalyst loading, ionomer binder content,
thickness of catalyst layer (CL), weight ratio Pt-C, additives and
appropriate solvents (depending on the time frame). The GDL
composition will be optimised with respect to carbon loading, Teflon
composition, sintering condition and GDL pressing condition for
better porosity and optimum hydrophobicity.

Contact: maiyalagan@gmail.com

Rushanah Mohamed

University of the Western Cape

Mentor: Dr J Shan

Broad research area: Li-ion battery supercapacitors
Specific research field: Li-ion battery prototype development
for electric vehicle application

Purpose of study:

The aim of the research is the development of electrode materials
and electrodes for Li-ion batteries/supercapacitor hybrids with
high voltage and fast charge/discharge operation. Li-ion electrode
materials are synthesised and modified. The initial stages of the
project also involved the establishment of testing protocols for

the various electrode materials. The Li-ion battery/supercapacitor
will then be upscaled to prototypes for use in hybrid battery or
fuel cell vehicle systems. Compared to the Li-ion battery, hybrid
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battery/supercapacitors show higher mass energy density and
less pollution and it is worthy of further study. Thus far | have
successfully developed testing protocols for doing charge/
discharge characterisations on the prepared electrodes. Using
commercially obtained LiMn,O, (LMO), Li,Ti.,O1, (LTO) and
activated carbon (AC) powders, electrodes were prepared. Hybrid
supercapacitor/Li-ion battery cells AC/LTO, LMO/LTO and (AC +
LMO)/LTO have then been tested by charge/discharge analysis
and cycle performance testing.

| have synthesised various high-voltage cathode materials
such as LiMn,0,; LiNi,,Mn, .O,; LiNiPO,; LiMnPO ; LiFePO ;
and LiCoPO, using mechanical activation (high energy, balling,
milling followed by heat treatment) processes. The temperature
of calcination thus far was 650°C, and various starting materials
were utilised and compared. Later the calcination temperature will
also be varied. XRD analysis confirmed the successful synthesis
of these materials displaying a highly crystalline structure, the
charge/discharge characterisations need to be run on all prepared
electrodes. Once the required starting materials are obtained the
high voltage cathode material LiNiCoMnO, will also be synthesised
and studied.

Contact: 2100294@uwc.ac.za

Jianwei Ren

HySA Systems Competence Centre

Mentor: M Lototskyy

Broad research area: Fuel cell, metal hydride technology
Specific research field: Hydrogen storage and metal hydride
technology

Purpose of study:

| have three years PhD research experience related to the
preparation of hydrogen storage materials based on carbon
nanotubes. | also have more than one year postdoctoral research
experience on the Eskom funded project of hydrogen separation/
purification from underground coal gasification in the South
African Institute of Advanced Materials Chemistry (SAIAMC) at

the University of the Western Cape. I'm also involved in the HySA
Systems Competence Centre as a researcher and have been doing
research work on the development of metal hydride hydrogen
storage units for vehicles, uninterrupted power systems, and a
forklift. | served as one of the key members who assembled a fuel
cell-powered tricycle in Pretoria, and quite recently | was involved in

the metal hydride integrated energy systems, which from my point

of view, is a very promising concept.

Contact: 2776509@uwc.ac.za

Ahson Jabbar Shaikh

Stellenbosch University

Mentor: Prof Dr B Klumperman

Broad research area: Polymer synthesis and applications
Specific research field: Densely grafted alternating brush
copolymers

Purpose of study:

Graft copolymers are a special type of branched copolymers

in which the side chains are structurally distinct from the main
chain. These individual side chains of a graft copolymer may be
homopolymers, copolymers, aliphatic tail groups, polar tail groups,
peptides or any functional group. Polymerisation of macromonomers
provides regular multi-branched polymers with dense branching.
There are basically three methods to prepare polymer brushes

and all these methods have their limitations. In order to get the
required degree of polymerisation, a combination of two methods
may fulfil such a requirement to produce polymer brushes of
desired length. The relevant copolymerisation parameters are also
very important for the determination of branch distribution in the
resulting comb-shaped copolymers. It is well known that these
copolymers with densely grafted side chains in a specific solvent
can adopt a wormlike cylinder brush conformation, in which the side
chains are stretched in the direction normal to the backbone. These
are interesting systems to study structural properties of branched
polymers. Such polymers in combination with nanoparticles have
recently been studied for the development of multifunctional
nanomedicines for drug treatment of cancer patients, where

polymers act as biocompatible part of the nanomedicine.

Contact: ahson@sun.ac.za




Parvesh Singh

Durban University of Technology

Mentor: Prof K Bisetty

Broad research area: Computational chemistry

Specific research field: Computational study of synthetic
compounds and biomolecules

Purpose of study:

My work at DUT entails the exploration of the conformational
spaces of different polypeptides substituted by constrained
residues and bioactive peptides using different computational
methodologies. Molecular dynamics (MD), replica exchange
molecular dynamics (REMD) and simulated annealing (SA)
simulation methods are some of the techniques employed in our
laboratory. | am also using different ab-initio and DFT methods
to determine the mechanistic pathways for different organic

reactions using Gaussian program. The primary goal of this study

is to compute the relative difference in energies for the reactants,
products and transition states of the different mechanistic pathways
of organic reactions. This work is potentially beneficial to the
pharmaceutical industry as preliminary computational groundwork
could reduce the time spent on the synthesis of new drug
molecules. The third part of our investigations involves the docking
studies of novel organic molecules with different proteins using
both computational and experimental techniques. Our focus is to
understand the drug-receptor interactions using docking methods
as a complimentary tool to experimental studies using Capillary
electrophoresis (CE). The main idea of this work is to determine
the individual binding affinities of drug enantiomers for the different

proteins under physiological conditions.

Contact: parveshdurban@gmail.com
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