ARUA Centre of Excellence
Materials, Energy and Nanotechnology

Theme: “URGENT MATERIALS NEEDS FOR AFRICA”
24th May 2023

A

BOOK OF ABSTRACTS

:-1 ‘ UK Research ( ALFRICAN
. Wi Afikan Besuarc and Innovation @ B MRS
7 n O Universities Alliance ARUA CENTRE OF EXCELLENCE




URGENT MATERIAL NEEDS FOR AFRICA

Welcome to the African Research Universities Alliance Centre of Excellence in Materials, Energy and Nano-
technology (ARUA CoE-MEN) mini conference on Urgent Materials Needs for Africa. We are delighted to
gather here today to address the critical issue of materials scarcity and its impact on development across the
African continent. This conference serves as a platform for stakeholders, experts, and enthusiasts to come
together and explore innovative solutions to meet Africa's urgent materials needs, with the support of the
African Materials Research Society (AMRS).

The ARUA CoE-MEN is hosted by the University of the Witwatersrand, and includes the Universities of Preto-
ria, Nairobi, and Ghana. The proposed research is on the development of materials and new technologies to
benefit Africa. Our range of research focusses, from fundamental to prototype devices, which should identify
and develop new opportunities in an African context, e.g., minerals beneficiation, advanced manufacturing,
off-grid energy technologies, housing, and materials recycling. The ARUA CoE-MEN will become a hub for
materials science and engineering in Africa, as well as the ideal environment in which to build research capac-
ity and human capacity for Africa.

Africa, with its vast potential and rich resources, has the capacity to thrive and achieve remarkable progress.
However, the scarcity of essential materials presents a significant challenge, hindering growth, stifling innova-
tion, and impeding sustainable development. From critical minerals and raw materials to construction materi-
als, healthcare supplies, and beyond, the need for reliable access to these resources cannot be overstated.
The Urgent Materials Needs for Africa Mini Conference aims to bridge the gap between demand and supply
by fostering collaboration and knowledge sharing. Through engaging discussions, expert presentations, and
interactive workshops, we seek to identify practical strategies, innovative technologies, and partnerships that
can address the materials scarcity issue and unlock Africa's true potential.

Now is the time to collectively address the urgent materials needs in Africa, as this challenge demands imme-
diate attention and long-term solutions. By leveraging our collective expertise, knowledge, and resources, we
can pave the way for a prosperous and sustainable future for Africa. We extend a warm invitation to all partici-
pants who are passionate about finding solutions to Africa's materials scarcity challenges. Together, let us
harness our collective wisdom and commitment to drive tangible change, build resilient supply chains, and
unlock the transformative power of materials for the betterment of Africa and its people.

Prof. Lesley Cornish

Director ARUA CoE-MEN

Director DST/NRF Centre of Excellence In

Strong Materials at University of the Witwatersrand



PLENARY: What do we mean by urgent materials needs?

Prof. Lesley Cornish

DSI-NRF Centre of Excellence in Strong Materials, hosted by the University of the Witwatersrand; School
of Chemical & Metallurgical Engineering, University of the Witwatersrand Johannesburg, South Africa;
ARUA CoE Materials, Energy and Nanotechnology

The relationship between human problems and their potential solutions by materials is described and
some materials are shown to be both advantageous and deleterious. The pros and cons of consumerism
are described: jobs and opportunities for wealth generation versus potential growing inequalities and
more rubbish. The importance of recycling is emphasized and the study of life-cycles is important to fully
utilise all materials and reduce the amounts going to waste. Some examples of materials solutions are
given, including superalloys. New and short-lived materials trends are also discussed.

A brief overview of ARUA CoE Materials, Energy and Nanotechnology is given.



PLENARY: Physical metallurgy requirements to maintain base-load energy

Prof. Robert Knutsen

Professor & Director, Electron Microscope Unit, University of Cape Town, Rondebosch,

South Africa, Tel: +27 (0)21 650 4959, E-mail: Robert.Knutsen@uct.ac.za

The talk will review the level of physical metallurgy knowledge that is required to support the
maintenance of base-load energy (mostly coal-fired power plant) and encourage greater focus on
relevant training.



PLENARY: Repurposing of LNG pipelines for the transportation of green hydrogen and
hydrogen embrittlement risks

Prof. Roelf Mostert Pr.Eng.

Head (Acting) of the Department of Materials Science and Metallurgical Engineering

Tel +27 (0)12 420 3182

Email roelf.mostert@up.ac.za
WWWw.up.ac.za

The planned advent of the green hydrogen economy will require the transportation of the
hydrogen from the point of production to the end users, necessitating the use of pipelines or
similar modes of transportation. A popular concept in this regard is the repurposing of pipelines
currently used for the transportation of LNG or other gases. The change of service of the
pipelines to include hydrogen, either pure or in a mixture, however will have implications for
the Pipeline integrity Management System, many of them negative. This paper will focus on the
possible negative interactions between the pipeline steel and hydrogen, and the implications
regarding the mitigation of the consequent risks.



Developing Affordable Bio-implant Alloys: Could Low-density Stainless Steel be the Answer?

Michael Bodunrin, Luvhengo Nelufule, Murangi Nethononda, Desmond Klenam

School of Chemical and Metallurgical Engineering and DSI-NRF Centre of Excellence in Strong
Materials, University of the Witwatersrand, Johannesburg, South Africa

The global geriatric population is projected to reach 2.1 billion by 2050, with around 80%
residing in developing countries, including all African nations. An urgent concern is the rising
demand for bio-implants to address prevalent bone-related diseases among the elderly,
coupled with limited access for middle- and low-income individuals. These challenges
necessitate the development of affordable bio-implant materials, particularly in Africa, where
wealth distribution is unequal and the proportion of middle-and low-income earners is higher.

While research efforts have focused on making low-cost titanium implants, they are still highly
priced when compared with 316L stainless steel. This research investigates the potential of low-
density stainless steel (LDSS) as an alternative bio-implant alloy to expensive titanium and
highly-density 316L stainless steel.

Preliminary experimental testing involved electric arc melting of various compositions of Fe-
(20-30)Mn-(4-15)Al-(3-5)Cr-(0.5-1.5)C-based LDSS. The resulting as-cast alloys underwent
corrosion testing in simulated body fluids, and their microstructures were examined using
optical and scanning electron microscopes. Commercial-grade 316L stainless steel was also
tested and analysed for comparison.

The results revealed that LDSS alloys consisted of austenite or a dual-phase matrix with M7C3
precipitates. Some LDSS alloys exhibited a corrosion rate 10 times lower than that of 316L
stainless steel, indicating superior corrosion performance. Furthermore, the corrosion rates
remained below 0.13 mm/yr, the maximum permissible rate for bio-implant materials.
However, pitting corrosion was observed in the dendritic region of the as-cast LDSS.

Thermomechanical processing was performed on the LDSS at different temperatures (800-
1000°C) and strain rates (0.1 and 5s-1) to refine the microstructure. Deformed LDSS alloys
exhibited a globular matrix at a deformation temperature of 900°C and strain rate of 5s-1.
Changes in microstructure resulting from deformation conditions affected the corrosion
performance, with certain deformation conditions leading to high corrosion rates.

These preliminary findings mark the initial steps toward the development of affordable bio-
implant using LDSS alloys.



Bio/materials engineering for Biotechnology-oriented applications
Archana Bhaw-Luximon

Center for Biomedical and Biomaterials Research (CBBR), University of Mauritius, Reduit 80837,
Mauritius, Email: a.luximon@uom.ac.mu

Bio/materials engineering has and continues to revolutionize healthcare by providing paradigm
shifts in drug delivery, medical device and vaccine design, filtration membranes and tissue
reconstruction. However, the pathway to reach clinical and community applications, goes
through expensive research and development pipelines. Al and predictive modelling is
increasingly being used as a tool to ease these pathways. The African continent has an avid
need for material design and engineering to cater for its healthcare and also for modern
agribio-tech which is related to health. Bio/materials engineering have been used by our group
to design nanofiltration membranes, nanofertilizers, tissue engineering scaffolds and
regenerative medicine supports. [1-7] Land and marine based biopolymers and molecules can
fulfil our materials needs and support the continent in the healthcare and agritech sectors.This
presentation gives an overview of the research and development undertaken using
biomaterials engineering approach supported by Al tools.
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Probing the charge generation rate (Gmax), transfer and collection capabilities in organic
solar cells: comparison of fullerene and non-fullerene acceptors

Francis Otieno, Daniel Wamwangi and Rudolph Erasmus

School of Physics, University of the Witwatersrand, Private Bag 3, Wits, 2050, Johannesburg,
South Africa; ARUA CoE in Materials, Energy & Nanotechnology, Physics Building, University of
the Witwatersrand, Private Bag 3, Wits, 2050, Johannesburg, South Africa

Organic solar cells (OSCs) continue to draw lots of attention due to their high potential for
realizing environmentally friendly, low cost, noncomplex, and flexible large area devices [1].
Fundamentally, organic solar cells (OSCs) with a bulk-heterojunction active layer are made of at
least two electronically dissimilar molecules, in which photoabsorption in one (donor)
generates Frenkel excitons. The formation of free charge carriers emerge after exciton
dissociation at the donor:acceptor interface [2]. In the past decade, most of the progress in
enhanced device performance has been steered by the rapid development of novel donor and
acceptor materials and on device engineering. Previously most of the efficient acceptors were
based on fullerene molecules characterized by limited photoabsorption and stability. In
contrast, the recently developed non-fullerene OSCs have a tunable absorption spectrum and
exhibit improved stability [3]. In this work, we explore the fundamental sources of the
differences in the device performance for different blend compositions made of fullerene
derivative (PC71BM) and nonfullerene (ITIC-Th) when paired with the polymer donors P3HT and
PBDB-T [4]. The characteristic changes of the optical properties of these blends and their roles
in device performance are also investigated. We also studied charge generation where PBDB-
T:PC71BM showed the highest maximum exciton generation rate (Gmax) while P3HT: ITIC-Th
gave the lowest. We also probe the charge transfer capabilities using PL quenching concept as
well as the charge carrier dissociation leading to collection probability P(E,T) derived from a plot
of Jph/Jsat ratio under short-circuit conditions against the effective voltages.
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Titanium Oxide Nanotube Film Decorated with B-Ga203 Nanoparticles for Enhanced Water
Splitting Properties

Peverga R. Jubu, Khaled M. Chahrour, F. K. Yam, O. M. Awoji, Yushamdan Yusof, Ee Bee Choo

Corresponding author: peverga.jubu@uam.edu.ng

TiO; is a wide bandgap material with inherent photogenerated charge carrier recombination
problems, which reduces its photoelectrochemical (PEC) water splitting efficiency. Considerable
efforts have been dedicated to reducing this charge recombination problems by decorating the
film’s surface using transition metal nanoparticles (NP) to enhanced device performance. And
considerable numbers of literature reports are available to this respect. However, reports are
rare for the surface modification of TiO2 nanotubes (TNT) arrays with metal oxide, specially by
B-Ga03 nanostructures and its potential applications. Herein, the PEC water splitting
properties of B-Ga,03 NP (GNP)-modified TNT arrays is described. The TNT were synthesized by
anodization, whereas the GNP were fabricated by chemical vapour deposition method. X-ray
diffraction (XRD) results revealed the presence of weak B-Ga,03 peaks and reduction in
crystallite size upon GNP addition. The integration of GNP on the TNT arrays resulted in a slight
increase in optical bandgap from ~3.4 to ~3.6 eV observed by UV-vis measurements. Linear
sweep voltammetry measurement for the modified TNT photocatalyst showed a 32.5%
enhancement in photocurrent density compared to the bare TNT photoelectrode, measured in
1 M HCl solution. Elemental analysis confirmed the presence of -Ga,0s, thereby supporting
the XRD and UV-vis results. This study demonstrates that GNP-activated TNT arrays could be
used as photoanode for enhanced photocatalytic activity in the PEC cell.



Novel transition metal-free catalysts for ammonia synthesis at mild conditions: Towards NH3
as energy carrier

Peter Ngene

Debye Institute for Nanomaterials Science, Utrecht University, Netherlands. Email:
P.ngene@uu.nl/

Ammonia (NHs) is a crucial compound for the production of fertilizers and several important
chemical feedstocks. It has also recently been receiving impressive attention as an energy
carrier due to its high hydrogen content and zero carbon emissions when used in fuel cells.
Therefore, NH3 can play a pivotal role in energy diversification of Africa. There has been a
growing interest to develop a more efficient method to produce ammonia because the
conventional Haber-Bosch process of making ammonia requires high pressure and high
temperature conditions (about 100 bar and at least 400°C). This energy intensive process also
leads to high level CO, emission (about 1.8% of the world's total CO;), mostly from the use of
natural gas (CHa) as the feedstock.

The process is currently catalyzed by transition metal catalysts such as iron (Fe) or ruthenium
(Ru) at high temperatures and pressure due to the energy needed to break the strong triple (N
= N) bond (945 kJ.mol™!), which is the rate limiting step in ammonia synthesis. New catalysts
that are able to activate N, at moderate temperature and pressure is crucial for the use of low
pressure hydrogen from renewable energy powered hydrogen (from electrolyzers) to be used
for green (sustainable) production of ammonia.

This presentation will show novel metal hydride based catalysts, specifically alkali-metal
hydride-intercalated graphite, that can activate dinitrogen at very moderate temperatures and
pressures, even without transition metals [1]. These novel composite materials catalyze NH3
synthesis at atmospheric pressure, achieving higher NHs yield at lower temperatures (from
250°C) than the classical transition metal-based catalysts such as supported Ru and Fe
nanoparticles (Figure 1). Using experimental and computational results from potassium-
intercalated graphite (KH0.19C24), | will demonstrate that nanoconfinement of the alkali
hydrides between the graphene layers is crucial for the activation and conversion of dinitrogen
to ammonia. The talk will cover the catalytic mechanism , the crucial role of the hydride ion in
the catalytic process, and the stability of the catalysts. The prospect and challenges of
implementing ammonia as an energy carrier in Africa will be discussed.
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Figure 1. NH3 production from KH-intercalated graphite (KHo.19C24) compared to MgO supported
Ru [1]
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