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Welcome
Message from CATSA2018 Conference Chairperson
Since 1989 the annual conference of the Catalysis Society of South Africa has become
the meeting place for academics and industrial partners working in the fields of
homogeneous, heterogeneous, electro- and bio-catalysis. It is also here where young
scientists and engineers are given the opportunity to present their work. But even more
than that, it is here where recognition is given to researchers working in the field of
catalysis.
Each year one international visitor that excelled in catalysis is given the Eminent Visitor
Award. This year we are privileged to welcome Prof. Gregory Jerkiewics from Queen’s
University, Ontario, Canada as our eminent visitor. During his visit to South Africa he
will contribute to the development of young scientists and engineers by presenting
several seminars and workshops in the field of electrocatalysis at various universities
across South Africa. He will also present the plenary lecture on Monday 12 November
at the conference.
Additionally, this year we have the privilege of awarding a Lifetime Achievement
Award. This award recognise significant contributions to the field of catalysis made by
a South African researcher. The researcher that will receive this award is Mr. Philip
Gibson. His research focuses on Fe and Co based catalysts for the Fischer-Tropsch
process. He will present the plenary lecture on Tuesday 13 November at the conference.
The annual conference is however not just about science. At the end of each day we
would like you to relax and take time to meet other scientists and engineers working in
catalysis. On Monday evening we will have the tradisional Poretech Challenge, where
scientist and engineers compete for the Poretech trofee. This year it will be a sporty test
of skill. On Tuesday evening we will have our conference banquet.
All the arrangements, from the scientific program to the social event, were not possible
without a hardworking team. I would just like to say: “Thank you to everybody on my
team.”
Last but not least I would like to thank all our sponsors, because without their financial
support this event would not have been possible.
Cornie van Sittert
Conference Chair
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Eminent Visitor: Prof Gregory Jerkiewicz
The 2018 Eminent Visitor awardee is Prof Gregory Jerkiewicz
from Queen’s University, Ontario, Canada.
Gregory Jerkiewicz received his dual accreditation Master’s
degree in Engineering Chemistry from Gdansk University of
Technology, Poland, in 1984. He also studied solid state
physics at the same university (1983-1985). In 1980 while being
an undergraduate student in Poland, he became deeply
involved in the Solidarność movement and was a co-founder
of the Independent Student Association. In December 1981
during the crackdown on the freedom movement by the
communist authorities of Poland, he was interned for six
months. In 1985, he immigrated to Canada. He completed his
Ph.D. (1991) at the University of Ottawa under the supervision of the late Prof. Brian E.
Conway (FRSC). He spent the summer of 1991 working in the Institute of Physics, the
University of Fribourg, Switzerland. He joined the Department of Chemistry, University
of Sherbrooke, as Research Associate in September 1991 and became Assistant Professor
in June 1992. He was promoted to Associate Professorship with tenure in June 1997. In
1997, he won the Electrochemistry Award of the Société Française de Chimie, as the first
recipient residing outside of France. In June 2002, he joined the Department of
Chemistry, Queen's University, as tenured Associate Professor and was promoted to the
rank of Professor in 2005. In 2004, he was awarded the W. A. E. McBryde Medal of the
Canadian Society for Chemistry in recognition of his contributions to interfacial
electrochemistry and of his advancement of the electrochemical quartz-crystal
nanobalance (EQCN). In 2011, he was awarded the R. C. Jasobsen Award in recognition
of his service to the Canada Section of the Electrochemical Society. He has authored 145
publications that include peer-reviewed papers (107), peer-reviewed book chapters (6),
papers in volumes of conference proceedings (24), and has co-edited one (1) book and
three volumes (3) of conference proceedings, and four (4) editorials and prefaces. He has
delivered over 160 invited keynote lectures, seminars, and conference presentations, and
over 240 contributed conference presentations. He has been an active member of the
International Society for Electrochemistry, The Electrochemical Society and the
Canadian Society for Chemistry, where he has served on several executive committees.
He is Editor-in-Chief of Electrocatalysis, a Springer journal. He is the Leader and
Scientific Director of the prestigious NSERC Discovery Frontiers “Engineered Nickel
Materials for Electrochemical Clean Energy” project. Throughout his career, he has
trained sixty (60) highly qualified personnel, including graduate and undergraduate
students, postdoctoral fellows and research associates, and has hosted eight (8) visiting
faculty members. In 2012, the President of Poland, Mr. Bronisław Komorowski,
conferred on him the Knight’s Cross of the Order of Polonia Restituta in recognition of
his outstanding contributions to the Polish society in the 1980s (the Order of Polonia
Restituta is equivalent to the Order of Canada). In 2018, the President of Poland, Mr.
Andrzej Duda, bestowed on him the title of Professor of Chemical Sciences (for life).
http://faculty.chem.queensu.ca/people/faculty/jerkiewicz/
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General Information
Conference Venue
One of South Africa’s most talked about
luxury destinations will inspire all those who
visit with its picture perfect scenery, majestic
architectural designs and the experience of a
lifetime. The wildlife experience is impressive
with more than 55 mammal species, including
the Big 5. The now world famous Extreme
19th is the world’s longest and highest Par 3.
Accessible only by helicopter, the tee is
situated atop Hanglip Mountain with a 361
meters shot to the green. Experience exquisite
conferencing facilities while you enjoy the
tranquil backdrop of the African bush!
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Directions to Legend
Golf & Safari Resort
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Badges and Security
Access to the conference venue is restricted to registered persons. All participants
and accompanying persons are thus kindly asked to wear their badges at all times.

Talks
Remote controls and laser pointers are available. All speakers are kindly requested to
strictly stay within their allocated time (all times given in the program include the time
for discussion):
 Plenary Lecture (40 minutes),
 Keynote Lectures (25 minutes & 5 minutes questions)
 Oral Presentations (15 minutes & 5 minutes questions).

Talk Upload
All presenters are requested to upload their presentations either before the first lecture
of the day or during the break (tea or lunch) prior to their presentation.

Poster Presentations
Setup date – Before 10:30 on 12 November in the Queen of Sheba
Removal Date: 13 November from 17:00-18:00. After 19:00 it will be discarded.

Breakfast, Tea/Coffee and Lunch Breaks
See the program for times and venues.

Accompanying Persons
Accompanying persons are invited to the Mixer on Sunday, 11 November 2018,
the Dinner on Monday, 12 November 2018 and CATSA Banquet dinner on
Tuesday, 13 November 2018. In addition, they are also very welcome to
participate in the tea/coffee breaks, lunches and the poster sessions and any other
social events.

Parking
Please park at your room as there is not enough public parking available.

8

Shuttle Service
The Resort has a shuttle service running daily to transfer guests to and from various
venues & activities. These shuttles take approximately 30-45 minutes to complete their
entire Resort route. If you would like to be picked up at your room by one of our shuttles,
please contact Reception to arrange the transfer and ensure the you wait outside your
room in your street, approximately 15 minutes after you have made your call. The
approximate waiting time for shuttles after they have been requested is between 15-30
minutes.

Contact Details
Should you require any other information, or any assistance please do not hesitate to
contact the registration desk in the morning before the first lecture or ask any of the students
or organising committee members.

Disclaimer
The organizing Committee reserves the right to make any necessary changes to the
program. Whilst every attempt is made to ensure that all aspects of the conference will
be carried out as scheduled, the Organizing Committee or Legend Golf & Safari Resort
are not responsible for any personal expenses incurred or any loss suffered by any
participant or his/her accompanying guest in connection with changes in the
conference schedule.
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Social Program
Sunday, 11 November 2018
Student Challenge
The annual student challenge is hosted by the CATSA Student Committee. The challenge is
for BOTH students and delegates.
Time: 17:00
Venue: TBA
Dress Code: Casual
Mixer
Welcome cocktail for all conference delegates.
Time: 18:30-23:30
Venue: Club house Roof Top
Dress Code: Smart Casual

Monday, 12 November 2018
Poretech Challenge: Darts
The epic battle between scientists and engineers continues…Bring your A Game! Dinner will be
served at the Shebeen in a relaxed casual atmosphere in the bush.
Time: 19:00-23:30
Venue: Shebeen (Use of the shuttle services is compulsory.)
Dress Code: Casual (Poretech shirt)

Tuesday, 13 November 2018
CATSA Conference Banquet
We end the conference in style, with the annual CATSA banquet where several awards will
be presented.
Time: 19:00-23:30
Venue: Starlight Boma (Use of the shuttle services is compulsory.)
Dress Code: Formal
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Program Overview
CATSA2018 starts on Sunday, 11th of November and ends on Wednesday, 14th of November.
Close to 200 delegates registered from various academic and industrial institutions. The scientific
program comprises of 2 Plenary, 6 Keynote, 34 Oral and 66 Poster presentations.

SUNDAY
11 NOVEMBER
16:00
18:30
17:00
18:30
23:30

Registration
Student challenge
Mixer

MONDAY
12 NOVEMBER
Breakfast
Venue: Monomotapa
Registration
Opening
Chair: Prof. R.J. Kriek

08:00
PL01 Degradation of Nanoscopic and Bulk Platinum Electrocatalysts
G. Jerkiewicz
08:40
09:00
09:20

Plenary

06:00
08:00
07:15
07:50

OP 01 Electronic effects of N-heterocyclic carbene ligands on the catalytic activity of half-sandwich Ni(II)
complexes
F. P. Malan, E. Singleton, P. H. van Rooyen, J. Conradie, and M. Landman
OP 02 Hollow carbon spheres as a durable platinum catalyst support in fuel cells
V.Mashindi, N. Coville and K. Ozoemena
OP 03 ZIF-8 and NH2-MIL-53(Al) As Support For Pd and Ag Crystallites with Application in Heterogeneous
Catalysis
R. Mogale and E. H.G. Langner
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KL 01 Measuring the Particle size of Silica support Using the Laser scattering technique
S.G.E. de Jager, T. Botha
11:00
11:20
11:40
12:00
12:20

12:40

OP 05 The deposition of metal oxides onto activated charcoal as a means of enhancing the reactive
adsorption
of
thiophene
compounds
in
diesel
T. Nkomzwayo, Y.Yao, X. Liu and D. Hildebrandt
OP 06 Electrochemical Activity of Pt-Pd supported on carbon xerogels towards the oxygen reduction reaction
L. Ndzuzo, J.C.C. Gomez, V. Linkov and S. Pasupathi
OP 07 Synthesis of Organometallic Rh(I) Complexes and Their Application as Pre-Catalysts in the Aqueous
Biphasic
Hydroformylation
of
Higher
Olefins
B. Davids, E. Mmutlane and B. Makhubela
OP 08 Deactivation of PtCo/Al2O3 at high Fischer-Tropsch conversion for simulated small scale once-through
reactor
configuration
C. Tucker, E. van Steen
OP 09 Pechini sol-gel synthesis and photoelectro-chemical water splitting of a nickel tellurium oxide photoanode
M.Z. Iqbal, R.J. Kriek
Lunch
Venue: Monomotapa
Chair: Prof. H Freidrich

14:00
KL 02 Fundamentals of Methane Oxidation over Palladium Oxide: A Computation Study
J. Mugo, H. Chuma and G. Jones
14:30
14:50
15:10

15:30
16:00
16:20
16:40
17:00
17:30
19:00
23:30

Keynote

10:30

Keynote

10:00

OP 04 Model systems for the investigation of metal support interactions for cobalt based Fischer Tropsch
N. Dyasi, G. Leteba, L. Macheli, and E. van Steen
Tea
Chair: Prof. G Jerkiewicz

OP 10 Surface modification of cobalt catalysts with silanes: tuning CO adsorption properties for mutable
selectivity
in
Fischer-Tropsch
synthesis
L. Macheli and E. van Steen
OP 11 Investigating reactive sputtered IrxNiyOz electrocatalysts for the oxygen evolution reaction in alkaline
media
D. Coertzen, R.J. Kriek, P.B.J. Levecque and A. Falch
OP 12 The photocatalytic conversion of glycerol to hydrogen on silver-titania-graphene nanocomposite
systems
S. Gullapelli and M.S. Scurrell
Tea
Chair: Prof. L Jewell
OP
13
Morphology-specific
synthesis
of
oxidic
iron
nanostructures
R.L. Thubakgale, M.P. Mokhonoana and M.S. Scurrell
OP 14 Dehydrogenation of liquid organic hydrogen carrier on Pt-transition metal subsurface alloys: A DFT
study of perhydro-dibenzyltoluene
C.N.M Ouma, P. Modisha and D. Bessarabov
OP 15 Dendritic complexes of methyltrioxorhenium(VII): Evaluation as catalysts in the epoxidation of
selected alkenes
A.V. Busa, S.F. Mapolie, E. Nordlanderc and M.O. Onania
KL 03 Recent Advances in the Characterisation of Porous Materials and Catalysts Using Adsorption
J. Kenvin

Keynote

09:40

Poretech Challenge & Dinner
Venue: Shebeen
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06:0008:00
07:30

TUESDAY
13 NOVEMBER
Breakfast
Venue: Monomotapa
Late Registration

09:00
09:20
09:40
10:00
10:30
10:50
11:10

OP 16 Phase and structural changes of nickel catalysts as a function of reaction conditions
D.de Oliveira, N. Fischer, M. Wolf and M.Claeys
OP 17 Optimising the PtxNiyAlz ratio as thin film electrocatalyst for the oxygen evolution reaction (OER) in
alkaline medium
H.K. Kishinkwa, A. Falch, R.J. Kriek
OP
18
Bimetal
tetracyanonickelates
used
as
a
heterogeneous
catalyst
M.R. Sebitlo and E. Erasmus
OP 19 CFD Simulation of A Bench Scale Fixed Bed Fischer-Tropsch Synthesis Reactor
J. Shen, X.Liua, W.H. Hob, D. Hildebrandta
Tea
Chair: Mr. S. Roberts
OP 20 Solution Combustion Catalysts for the Water-Gas Shift Reaction
M.W. van der Merwe, J.V. Fletcher, N.T.J. Luchters, J.C.Q. Fletcher, P.J. Kooyman, and S. Specchia
OP 21 Synthesis of carbon supported IrO2 catalyst for the Oxygen Evolution Reaction
T. Labi, J. Chamier and F. Van Schalkwyk
KL 04 Tandem transfer hydrogenation-epoxidation of ketone substrates catalysed by Ru(II)-NHC
catalysts
M. Landman, F.P. Malan, E. Singleton and P. H. van Rooyen

Keynote

08:40

PL02 New light through old windows – A Fischer-Tropsch catalysis journey
P. Gibson

Plenary

Chair: Prof. N. Fischer
08:00

11:40
CATSA AGM
12:40

Lunch
Venue: Monomotapa

14:00
Poster Session & Tea

16:00
16:20
16:40
17:00
19:00
23:30

Chair: Dr. S.P. du Preez
OP 22 Understanding the role of promoters on benzyl alcohol oxidation over platinum (Pt) based catalysts
A. Kunene, G. Leteba and E. van Steen
OP 23 The use of functionalized polymers to make hollow carbon spheres to be used as supports in catalysis
P. Mente and N.J. Coville
OP 24 Synthesis, structure elucidation of Fe chiral Fe(II)/Ni(II) – imino-pyridyl complexes and their application
as
catalysts
in
asymmetric
transfer
hydrogenation
of
ketones
R.T. Kumah, S. Ojwach
OP 25 Well-Dispersed Metal Oxide Supported Electrocatalysts for the Oxygen Evolution Reaction
Z. Rajan, T. Binninger and R. Mohamed
Conference Banquet
Venue: Starlight Boma
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06:0008:00
07:30

WEDNESDAY
14 NOVEMBER
Breakfast
Venue: Monomotapa
Late Registration

09:00
09:20
09:40
10:00
10:30
10:50
11:10
11:30

11:50
12:10

12:40
12:50
13:15

OP 26 The development of non-heme N4 tetradentate ligated Mn(OTf)2 complexes for the investigation of
catalytic
alcohol
oxidation
V. Vermaak, A.J. Swarts, D.A. Young
OP 27 Preparation of Single-Platinum Atoms on MFI Zeolite Catalyst for Hydrocracking of Fischer-Tropsch
Wax
A. Delo and P.J. Kooyman
OP 28 Cobalt Supported on Reduced Graphene Oxide as Catalyst for the Hydroformylation of Ethylene with
Syngas
J. Chang, X. Liu, D. Hildebrant
OP 29 Sol-gel Synthesis of Ce0.8Sr0.2Co0.6Ni0.2Fe0.2O3-δ – A Perovskite Type Electrocatalyst for the Oxygen
Evolution
Reaction
in
Alkaline
Media
C.B. Njoku, R.J. Kriek
Tea
Chair: Prof. N. Coville
OP 30 The performance of C2H4 on typical Fischer-Tropsch TiO2 supported cobalt catalyst with co-feeding of
H2
and
syngas
Y. Zhang, X. Liu, Y. Yao, D. Hildebrandt
OP 31 A comparison of the use of the Weisz-Prater criterion to the experimental measurement of the internal
effectiveness
factor
under
low-temperature
water-gas
shift
conditions.
D. Kruger, S. Roberts, J. Fletcher
OP
32
Graphene-based
nanostructural
materials:
Next
generation
catalysts?
J. Moma, and N. Coville
OP 33 The effect of support pore diameter and Mn loading on catalyst selectivity for Co/Mn-Ti/alumina
catalysts.
J.H. Potgieter, T. Botha, D.Moodley, T. Manong, J. Davel, L. Ngondwana, A. Cullen, M. Hauman, H. van Rensburg,
J. Visagie, D. Lamprecht
OP 34 Catalytic combustion assisted ammonia reforming in a microchannel reactor for hydrogen production
N. Engelbrecht, D. Bessarabov
KL 06 Fischer-Tropsch technology: Today's status, challenges and future
W. Ma, and B. Davis

Keynote

08:40

KL 05 Supported liquid metals – a new class of robust dehydrogenation catalysts
N. Taccardi, M. Grabau, J. Debuschewitz, M. Distaso, M. Brandl, R. Hock, F. Maier, C. Papp, J. Erhard, C.
Neiss, W. Peukert, A. Görling, M. Haumann, H.-P. Steinrück and P. Wasserscheid

Keynote

Chair: Prof. J. Darkwa
08:10

Deliberation oral prize
Closing remarks
Lunch
Venue: Monomotapa
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List of Sponsors
The conference committee would like to acknowledge the following organizations for their
generous support to CATSA conference 2018.

Gold Sponsors

Silver Sponsors

Bronze Sponsors

15

Advertisements
Gold
DISCOVER CLARIANT CATALYSTS

16
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Silver

19

20

21

22

Bronze

With over 54,000 members and an international publishing and knowledge business the Royal
Society of Chemistry is the UK’s professional body for chemical scientists, supporting and
representing our members and bringing together chemical scientists from all over the world.
A not-for-profit organisation with a heritage that spans 175 years, we have an ambitious international vision
for the future. Around the world, we invest in educating future generations of scientists. We raise and maintain
standards. We partner with industry and academia, promoting collaboration and innovation. We advise
governments on policy. And we promote the talent, information and ideas that lead to great advances in
science.
In a complex and changing world, chemistry and the chemical sciences are essential. They are vital in our
everyday lives and will be vital in helping the world respond to some of its biggest challenges.
We are committed to promoting, supporting and celebrating inclusion and diversity. We understand that the
success of our community depends on our ability to nurture the talent of the best people regardless of who
they are or their background.
We’re working to shape the future of the chemical sciences – for the benefit of science and humanity.
www.rsc.org
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PL 01

Degradation of Nanoscopic and Bulk Platinum Electrocatalysts
Gregory Jerkiewicz
Department of Chemistry, Queen’s University, 90 Bader Lane, Kingston, ON., K7L 3N6 Canada, E-mail:
gregory.jerkiewicz@queensu.ca

Keywords: platinum, nanomaterials, electrocatalysis, oxidation, dissolution, surface structure.

Platinum nanoparticles (Pt-NPs) are commonly employed in polymer electrolyte membrane fuel cell
(PEMFC) and water electrolyzer (PEMWE) technologies. The lifetime of these electrochemical
renewable energy devices is related to the stability of Pt-NPs at which key electrochemical reactions
occur. This contribution report on the degradation (corrosion) behaviour of spherical Pt-NPs as well
as spherical, monocrystalline, poly-oriented Pt (abridged as Pt(spherical)) in aqueous H2SO4. The PtNPs are synthesized with and without carbon-support using the “water-in-oil” micro-emulsion
method. X-ray diffraction (XRD) and transmission electron microscopy (TEM) measurements show
that the Pt-NPs are 4.0 nm in average size and have a narrow size distribution. Thermogravimetric
analysis (TGA) measurements demonstrate that the Pt loading is ca. 40 wt%. Cyclic voltammetry
(CV) experiments are performed to evaluate the specific surface area (As) of the electrocatalysts [1].
The Pt surface oxide growth and reduction are studied using in-situ confocal Raman spectroscopy;
this approach facilitates monitoring the appearance and the disappearance of crystallinity in the
nanoscopic surface oxide layer. The stability of the Pt-NPs is evaluated by recording repetitive CV
profiles and analyzing their evolution. Degradation of the Pt-NPs is studied using potentiodynamic
polarization (PDP) at a low potential scan rate in the presence of different dissolved neutral or
reactive gases (N2(g), O2(g), or H2(g)). The nature of the dissolved has an impact on the stability
behaviour of the Pt-NPs. The carbon support is also observed to undergo degradation and porosity
changes. Cyclic voltammetry measurements are used to assess the loss of the electrochemically active
surface area (Aecsa) of the Pt-NPs brought about by PDP measurements. The Pt-NPs undergo
unavoidable corrosive degradation in the electrolyte saturated with N2(g) or O2(g). Pt(spherical)
electrodes are prepared using a custom-built, semi-automated experimental set-up [2–4]. Their threedimensional structure is analysed using Laue X-ray back-scattering and surface morphology using
scanning electron microscopy (SEM). This contribution reports on their dissolution and structural
transformation in aqueous H2SO4 upon potential cycling in the surface oxide formation-reduction
region. The potential cycling is conducted in the EL–EU range (EL = 0.07 V and 0.90 ≤ EU ≤ 1.50 V)
to relate the Pt dissolution and morphological changes to EU. The amount of dissolved Pt is analyzed
using flow injection coupled to inductively coupled plasma mass spectrometry (ICPMS) and
structural changes using SEM. In the case of EU ≤ 1.20 V, there is minor dissolution of the (100) and
(110) facets, while the (111) ones remain stable. In the case of EU ≥ 1.30 V, all facets undergo
significant dissolution. Changes in the surface morphology of Pt(spherical) upon repetitive potential
cycling in the 0.07–1.50 V range are examined in relation to the number of transients (1 ≤ n ≤ 30000).
The SEM images revealed that the (111) facets develop pits, the (100) facets uniformly distributed
hillocks (pyramids), and the (110) facets columns. The contribution reports on structural changes for
twenty-five basal, stepped, and kinked facets. Their analysis reveals that the (531) facet is the least
roughened, thus the most stable [5]. The original results represent a significant contribution to the
current understanding of the interfacial electrochemistry and electrocatalysis of Pt materials. The new
knowledge benefits the science and technology of PEM fuel cell and water electrolyzer technologies.
[1]
[2]
[3]
[4]
[5]

Tahmasebi, S., Jerkiewicz, G., Baranton, S., Coutanceau, C., Furuya, Y., Ohma, A. J. Phys. Chem. C, 2018, 122, 11765-11776.
Arulmozhi, N., Jerkiewicz, G. Electrocatalysis, 2016, 7, 507-518.
Arulmozhi, N., Jerkiewicz, G. Electrocatalysis, 2017, 8, 399-413.
Arulmozhi, N., Esau, D., van Drunen, J., Jerkiewicz, G. Electrocatalysis, 2018, 9, 113-123.
Arulmozhi, N., Esau, D., Lamsal, R. P., Beauchemin, D., Jerkiewicz, G. ACS Catal., 2018, 8, 6426-6439.
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PL 02

New light through old windows – A Fischer-Tropsch catalysis journey
Philip Gibson
Sasol Group Technology R&T, Klasie Havenga Road, Sasolburg
E-mail: philip.gibson@sasol.com

Keywords: Fischer-Tropsch, catalyst fundamentals, collaboration, commercialization, future perspectives

Past and future perspectives on heterogeneous catalysis development and commercialization will be
offered on the basis of the author’s 30 year involvement in Fischer-Tropsch catalysis.
The Fischer-Tropsch synthesis (FTS) is a well-established process for the production of synthetic
fuels and/or chemicals from either coal or natural gas derived synthesis gas (Syngas; H2+CO). Sasol
operates the FTS in both low temperature (LTFT) and high temperature (HTFT) modes. LTFT, using
either iron or cobalt based catalysts is geared at the production of middle distillates and paraffinic
waxes while HTFT operates with iron based catalysts optimized for the production of gasoline and
chemical feedstock like olefins and oxygenates.
The above mentioned technologies have evolved incrementally in some respects and with leaps and
bounds in others over the past sixty odd years of application within a Sasol context. The main
elements that constitute the technology progress in terms of FTS are catalyst development and reactor
development. Sasol’s FTS catalyst technology portfolio will be discussed with reference to recent
advances both in application and fundamental understanding in HTFT and LTFT.
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KL 01

Measuring the Particle size of Silica support Using the Laser scattering
technique.
SGE de Jager, T Botha
Sasol Group Technology, Analytical Technology, Klasie Havenga Road, Sasolburg, 1947, South Africa,
Corresponding author E-mail: Gerda.dejager@sasol.com

Keywords: Silica, Particle size, support, refractive index.

The particle size distribution of catalysts and their precursors is required for meeting product
specification and optimizing reactor dynamics during chemical processes. Often the particle size is
questioned due to different particle size classification analysis. Sieves or sieve analysis is often used
to remove the fraction of material smaller than a certain specification and the sample is submitted for
a PSD (particle size distribution) analysis to confirm the effectiveness of the screening. Modern PSD
analysers are based on laser scattering principles and it is difficult to measure exact numbers to that
obtained by screening.
One of the challenges with the laser scattering technique is the refractive index of the material that is
required for using the Mie theory. Mie theory is used to convert the light scattering intensity data to a
PSD. The refractive index of most common materials can be obtained from literature but in a
research environment and when new catalysts are developed, these are not easy to get. The concern is
always that the applied refractive index is not absolute because it is a mixture of different refractive
indices. You also need to establish the absorption coefficient (imaginary refractive index) as a result
of porosity and absorption to obtain a good fit of the measured to the predicted PSD. The translucent
behaviour of silica support in an aqueous medium added more challenges to the applied refractive
index and imaginary refractive index.
In this topic the methodology that was used to establish the optical parameters for the PSD of a
commercial silica support will be shared. The effect of incorrect optical parameters on the PSD
obtained from laser scattering technique will also be illustrated.
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KL 02

Fundamentals of Methane Oxidation over Palladium Oxide: A Computation
Study
Jane Mugoa, Hellen Chumaa, and Glenn Jonesb
aJohnson

Matthey Technology Centre, CSIR Campus, Meiring Naude Road, Brummeria, Pretoria, 0184, South Africa.
*Email: jane.mugo@matthey.com
bJohnson Matthey Technology Centre, Blount’s Court, Sonning Common, RG4 9NH, United Kingdom.

Keywords: Palladium Oxide, Methane Oxidation, DFT, ab-initio Reaction Kinetics

One of the main challenges in natural gas engine is the after treatment and combustion of methane at lower
temperatures. In addition, the presence of water and sulphur in the engine exhaust lowers the performance
of the catalyst. [1]
In this presentation, the complete oxidation of CH4 to CO2 and H2O over PdO(100) and (101) surfaces
will be discussed. These are the two main facets obtained on the PdO nanoparticle build on Wulff
construction. The gas-phase, adsoption and the activation energies of the various reaction species were
obtained using density functional theory (DFT). All the DFT calculations were done using GPAW [2]
with the RPBE [3] functional.
The most stable adsoption conformations of the reaction species were identified and used to construct the
thermodynamics reaction profile. The rate determining step was identified as the activation of CH4. On
the PdO(100) surface, an activation energy barrier of 1.43 eV (137.97 kJ/mol) at 0 K for the loss of the 1st
hydrogen (CH4 + 2*  CH3*+ H*) was obtained. This value compares favourably with that reported in
the literature. [4]
An ab-initio micro kinetics model was coded and implemented using scientific python. In the midtemperature regime, the rate of CH4 oxidation is inhibited by a high coverage of OH groups on the PdO
surface (As shown in Figure 1). However, at higher temperatures the OH groups are removed from the
surface as H2O. Thus, there is a need to improve the catalyst performance at lower temperature regimes.
This led to the introduction of a series of dopants to the surface model to determine their effects on
activation and OH tolerance.
Figure 1: Top: A graph showing the rate as a function of temperature (T) for 3 different initial H2O
pressures [P(H2O)init]. Bottom: The coverage of the major species O* and OH* at P(H2O)init = 0.01
High T

Mid T

Low T

[1] A. Raj, Johnson Matthey Technol. Rev., 2016, 60 (4), 228–235
[2] J. Mortensen, L. B. Hansen, K. W. Jacobsen, Phy. Rev. B, 2005, 71, 035109 (1-11).
[3] B. Hammer, L.B. Hansen, J.K. Nørskov, Phys. Rev. B, 1999, 59, 7413-7421.
[4] N. M. Kinnunen, J. T. Hirvi, M. Suvanto, T. A. Pakkanen, J. Phys. Chem. C, 2011, 115, 19197–19202.
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Traditional techniques for characterizing porous solids have relied upon the behaviour of the fluid,
typically nitrogen or argon to provide metrics such as surface area, pore size, and pore volume.
Advances in this area include methods that combine adsorption isotherms and intrusion porosimetry to
model the pore system from Angstroms to millimetres. Recent advances[1] for characterizing oxides
now include models that include heterogeneity to provide an improved description of the surface; and
new opportunities to model the pore size distribution utilizing both the adsorption and desorption
isotherm. Models are presented that have been developed may be used with the desorption branch of
the isotherm (equilibrium) and the adsorption branch (metastable). These new models provide a precise
pore site distribution for (MCM) silicas by modelling the pore size distribution via the simultaneous use
of the adsorption and desorption branches of the isotherm.
Figure 1: A comparison of the pore size distribution of a 5.5 nm MCM silica.

Single site catalysts provide unique challenges with respect to characterization. Tradition approaches
such as the chemisorption of CO or hydrogen are not easily performed on these materials. A reactive
approach using a dione is also presented to determine the nature of highly dispersed palladium on
carbon nitride.
[1] J. Jagiello, M. Jaroniec, 2D-NLDFT adsorption models for porous oxides with corrugated cylindrical pores, J. Colloid Interface Sci.,
2018, 532, 588-597.
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Alkene epoxidation is recognised as an important reaction in organic synthesis, able to provide
enantiopure epoxides, which are important precursors in amongst other, drug synthesis [1]. However,
non-atom-economical oxidants such as alkyl hydroperoxides and hypochlorites are often employed in
catalytic epoxidation reactions [2]. Much less attention has been devoted to ‘greener’ oxygencontaining precursors, such as halohydrins. This is mainly because of the undesirable equilibrium that
exists between the vicinal halohydrin and corresponding epoxide since the expelled mineral acid
provides a nucleophilic halide to ring-open the formed epoxide. This problem could, however, be
circumvented using acid scavengers or anion exchangers [1]. By making use of the tandem
hydrogenation and epoxidation of the more readily available acyl halide precursors, a more efficient
catalytic reaction could be devised. This would necessitate the use of highly versatile, transferhydrogenation active catalysts capable of withstanding deactivation under oxidative, acidic conditions
[3]. The lack of research on potentially hemilabile bidentate NHC ligands as part of half-sandwich
ruthenium complexes, prompted us to investigate possible stability and catalytic enhancement effects
that these chelating NHC ligands may provide. Half-sandwich ruthenium complexes featuring NHCs
are of special interest, given the rich synthetic and catalytic applications that they provide, especially
with regards to transfer hydrogenation and epoxidation catalysis [3c,4]. Here we report the synthesis
of nine new alkene-tethered half-sandwich Ru(II)-NHC complexes and evaluate their application in
tandem transfer hydrogenation-epoxidation catalysis.

1] J. H. Schrittwieser, I. Lavandera, B. Seisser, B. Mautner, J. H. Lutje Spelberg, W. Kroutil, Tetrahedron: Asymmetry, 2009, 20, 483-488.
[2] Y. Wang, L. Duan, L. Wang, H. Chen, J. Sun, L. Sun, M. S. G. Ahlquist, ACS Catal., 2015, 5, 3966-3972.
[3] D. Wang, D. Astruc, Chem. Rev., 2015, 115, 6621-6686. (b) R. H. Crabtree, Chem. Rev., 2015, 115, 127-150. (c) S. Saha, M. Kaur, K.
Singh, J. K. Bera, J. Organomet. Chem., 2016, 812, 87-94.
[4] (a) V. H. Mai, L. G. Kuzmina, A. V. Churakov, I. Korobkov, J. A. K. Howard, G. I. Nikonov, Dalton Trans., 2016, 45, 208-215. (b) E.
Becker, V. Stingl, G. Dazinger, M. Puchberger, K. Mereiter, K. Kirchner, J. Am. Chem. Soc., 2006, 128, 6572-6573. (c) Y. Wang, L. Duan,
L. Wang, H. Chen, J. Sun, L. Sun, M. S. G. Ahlquist, ACS Catal., 2015, 5, 3966-3972.
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Our contribution demonstrates that Supported Catalytically Active Liquid Metal Solutions
(SCALMS) offer the potential for new and unusual catalytic reactivity in propane dehydrogenation.
SCALMS are composed of catalytically active liquid alloy droplets on a porous support.[1] In contrast
to conventional supported liquid phase catalysis, the catalytic reaction in SCALMS occurs only at the
highly dynamic liquid metal/gas interface, as the liquid metal does not provide any relevant reactant
solubility.
Figure 1. a) SEM image of Pd-Ga decorated porous glass and schematic representation of the microscopic
nature of the material. b) Catalytic performance of standard heterogeneous and PdGa SCALMS catalysts in
butane dehydrogenation.

Recently, we reported the use of Ga-rich Ga/Pd mixtures (Ga/Pd ratio> 10) on porous glass in the
highly endothermal n-butane dehydrogenation [1]. The liquid nature of the supported alloy droplet
under the reaction conditions was confirmed through a combination of XRD, SEM, XPS, and ab initio
dynamics calculations. Most remarkably, these SCALMS materials outperformed commercial
dehydrogenation catalysts (Pt/Al2O3, Cr2O3/Al2O3) without any material or process optimisation. The
most remarkable finding, however, was that coking, the typical deactivation mechanism for this type
of high temperature hydrocarbon chemistry under reductive conditions [2-4] is largely suppressed
with SCALMS systems. As explanation for this unexpected behaviour our molecular dynamics (MD)
calculations suggested that the topmost layer of the Ga-rich Ga/Pd alloy is depleted in Pd, but the
layer directly underneath is enriched.
[1] N. Taccardi, M. Grabau, et int., C. Papp, W. Peukert, A. Görling, H.-P. Steinrück, P. Wasserscheid, Nat. Chem. 9 (2017) 862-867.
[2] J.R. Rostrup-Nielsen, J. Catal. 1984, 85, 31.
[3] V.L. Kuznetsov, A.N. Usol’tseva, Y.V. Butenko, Kin. Catal. 2003, 44, 726.
[4] J.J.H.B. Sattler, J. Ruiz-Martinez, E. Santillan-Jimenez, B.M. Weckhuysen, Chem. Rev. 2014, 114(20), 10613.
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Because of fast increasing demand for liquid transportation fuels, rapid depletion of oil reserves and volatile
petroleum prices, coal-to-liquids (CTL) technologies have gained renewed interest worldwide in the past
decades. Efficient utilization of large amount of coal resource relative to oil, especially in South Africa,
China, USA, and Europeans thus can meet increased energy demands and reduce dependence on oil imports
for the coal rich countries. There are two approaches to make ultra clean transportation fuels from coal
or natural gas, i.e. direct or indirect coal liquefactions, the later one is also called Fischer-Tropsch
(FT) technology.
The FT technology generally comprises three process, which are the syngas production including gas
cleanup, the conversion of syngas to hydrocarbons and upgrading of the synthetic hydrocarbons. This
technology is competitive to the oil route due to high market oil price. However, to successful
industrialization of the FT technology, the technologies of each sub-process (catalyst, reactor
engineering), location, and environmental regulations are the restrictions.
In the last decades, the FT technology and R&D have been significantly developed. Many mega FTS
plants have been constructed by South Africa, China and Royal Dutch companies, for example Sasol
34,000 bbl/day GTL plant in Qatar commissioned in 2006, Shell 140,000bbl/day GTL plant in Qatar
commissioned in 2011, and Shenhua 86, 000 bbl/day CTL plant in Ninxia commissioned in 2016.
The R&D research of the FT technology in USA have been heavily supported, DOE and industrial
sectors are striving to commercialize the process due to abundant coal in USA, for example US
Velocys played 1,000 bbl/day plant in 2017. This study will give an overview of the FTS chemistry,
process and its development from science and technology points of views and DOE supported
projects in the field. The challenges in the aspects of catalysts, greenhouse gas emission, and
engineering for future research will be present and discussed as well.
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Many of the catalytically active zero valent metal complexes employed in literature require ligands to
assist in stabilising these sensitive species and preventing catalyst decomposition.[1] N-heterocyclic
carbenes (NHCs) remain a favourite class of ancillary ligands that provides additional steric- and
electronic ligand tuning options.[2] The stronger binding of NHCs to metal centres helps to avoid
rapid degradation under oxidising conditions, as is the case with most common ligands.[1,2] The
synthesis and catalytic application of cyclopentadienyl nickel(II) halo complexes containing NHC
ligands, [CpNiX(NHC)] (X = Cl, Br, I), have been actively studied by various research groups over
the last two decades.[3] Despite their versatile application possibilities, electrochemical studies on the
redox properties of this class of [CpNiX(NHC)] (X = Cl, Br, I) complexes, remain ill-explored. We
are currently investigating direct synthetic routes to new group 8, 9, and 10 transition metal NHC
complexes which exhibit stability in solution, with high catalytic activity. A range of symmetric and
asymmetric aliphatic-arene NHC ligands has been synthesised and reacted in the known one-step
reaction with nickelocene to give rise to the half-sandwich complexes [CpNiBr(NHC)] in high yield
(> 72%). These complexes were found catalytically active in the Suzuki-Miyaura coupling, as well as
the anaerobic alcohol oxidation reactions for which, in general, the [CpNiBr(NHC)] complexes
bearing electron-donating NHCs were the most active and long-lived.The main focus of this study
was to investigate the effect of a series of unique NHC ligands featuring different N-substituents on
the electrochemical properties of a range of [CpNiBr(NHC)] complexes, and how it relates to the
observed catalytic activity. The determination of the locus of the observed redox processes is
predicted by means of supplementary density functional theory (DFT) calculations. This study also
correlates DFT calculated electronic energies from which linear relationships with the experimental
electronic redox potentials are obtained.

[1] Crabtree, R. H. Chem. Rev., 2015, 115, 127-150.
[2] Ritleng, V.; Henrion, M.; Chetcuti, M. J. ACS Catal., 2016, 6, 890-906
[3] Prakasham, A. P.; Ghosh, P. Inorg. Chim. Acta., 2015, 431, 61-100.
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Electrochemical processes are already playing a key role in the generation of renewable and sustainable
energy.[1] Among the devices that make use of chemical energy conversion to usable energy, fuel cells
have become very attractive power sources due to their portability.[2] Proton exchange membrane fuel
cells are expected to be one of the most dominant because of the low temperature at which they operate,
their high power density, and they can be used in automotive applications where a quick start up is a
requirement.[3]
Platinum electrocatalysts are the best for fuel cells however are very expensive. Due to the high cost of
platinum, the adoption of fuel cells as an energy conversion system has been slow. To compensate for
the slow kinetics of the oxygen reduction reaction which contributes highly to the lowering of the fuel
cell efficiency, high platinum loadings in the electrocatalysts are required.[4, 5]
In this work we report on a number of platinum and platinum-osmium electrocatalysts synthesized by
the deposition of these metal nanocatalysts on top of porous hollow carbon spheres. Among them is a
20 wt% platinum electrocatalyst, named W20. Electrochemical surface area and durability of the
catalyst was evaluated using cyclic voltammetry and the activity of the catalyst towards oxygen
reduction reaction was evaluated using hydrodynamic linear sweep voltammetry coupled with a rotating
disk electrode. The 20wt% catalyst showed high initial electrochemical surface area comparable to
commercial catalysts with the same platinum loading. After 500 potential cycles of accelerated
degradation testing for the carbon support, W20 showed stable electrochemical surface area comparable
also to commercial catalysts however during the first 100 potential cycles, the catalyst loses
approximately 19% of its initial electrochemical surface area.
Table 1: Summary of the electrochemical surface area and durability of W20 as compared to commercial catalysts
Tanaka (37.7wt%) and JM (20wt%)

Catalyst

Loading

Crystallite size

Tanaka
JM
W20

37.7wt%
20wt%
20wt%

~ 2.5 nm
~2.8 nm
~4.5 nm

ECSA m2.g-1
(0 cycles)
88
64
58

ECSA m2.g-1
(100 cycles)
82
61
46

ECSA m2.g-1
(500 cycles)
75
55
40

[1] C. Galeono, J.C. Meier, M. Soorholtz and Ferdi Schutt, ACS Catal 2014, 4, 3856 - 3868
[2] M. Uchimura, S. Sugawara, Y. Suzuki, J. Zhang, S.S. Kocha, ECS Trans, 2008, 16 ,225.
[3] T.J. Schmidt, H.A. Gasteiger, R.J. Behm, J. Electrochem. Soc, 1999, 146, 1296.
[4] H. A. Gasteiger, S.S. Kocha, B. Sompalli, T.F. Wagner, Appl. Catal., B ,2005, 56, 9-35.
[5] O. Lori, L.Elbaz, Catalysts, 2005, 5, 1445-1464.
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Metal organic frameworks (MOFs) are hybrid crystalline structures that consist of an organic linker
coordinated to a metal center to form one-, two- or three-dimensional porous frameworks. The pores

can be used to encapsulate nano-sized metal particles and these nano-particles can act as the
supported heterogeneous catalysts. [1] nZIF-8(Zn) and NH2-MIL-53 were synthesised and postsynthetic modification was done by the deposition of Pd and Ag nanoparticles onto the
frameworks. These supported nanoparticles enhanced the catalytic activity of the frameworks. [1]
Two methods of deposition were investigated; namely Chemical Liquid Deposition (CLD)
and Vacuum Infiltration (VI). The intrusion time of the Pd and Ag into MOF was varied to
determine the effect on the amount of loading. Products were characterised by Fourier Transform
Infrared (FTIR) Spectroscopy, Accelerated Surface Area and Porosity (ASAP), Analyses Thermal
Gravimetric Analyses (TGA), Transmission Electron Microscopy (TEM) and Powder X-ray
Diffraction (PXRD).Their application in heterogeneous catalysis was investigated using various
test reactions such as hydrogenation of alkenes and the reduction of 4-nitroacetophenone.
Figure 1: The deposition of metal nano-particles into MOF support via Chemical Liquid Deposition (CLD) and
Vacuum Infiltration (VI).

[1] D. Esken, S.Turner, O. I. Lebedev, G. Van Tendeloo and R. A. Fischer, Chem. Mater., 2010, 22, 6393-6401.
[2] J. Saha, A. Begum, A. Mukherjee and S. Kumar, Sustainable Environment Research, 2017, 27, 245-250
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The catalyst used plays a pivotal role in the optimization of the Fischer Tropsch (FT) synthesis. Cobalt
(Co)-based catalysts have been widely used in low temperature Fischer Tropsch synthesis for the
production of longer chain olefins [1]. The interaction between the support and the active metal, Co,
has been observed to affect the activity and selectivity of the FT synthesis [2]. In order to investigate
metal support interactions independent of other support effects, the inverse method was used in the
synthesis of model catalysts [3]. The inverse method mimics the interface bond between the support
and the active metal, resulting in Co-O-Si bond formation. By exposing Co nanoparticles (NPs) to a
dilute solution of an alkoxide, tetraethyl orthosilicate (TEOS), Co-O-Si bond (ligand) is expected to
form until it reaches equilibrium state. The concentration of the dilute alkoxide solution can be varied
to observe its effect on the surface coverage of the Co NPs with the alkoxide.
We systematically investigated the influence of the oxidation state of cobalt on the formation of the CoO-Si ligand by modifying Co3O4 and Coo with varied TEOS concentrations. Infrared (FTIR)
spectroscopy was used to identify the presence or formation of the ligand bond on Co NPs. Previous
FTIR spectra reports show Co-O-Si bond stretch at 1020 cm-1 whereas others at 1066 cm-1 [4], [5].
According to our FTIR measurements (Fig. 1), metallic Co NPs are observed to form a more intense
peak of Co-O-Si bonds than Co oxide. The solvent used during modification Co oxide was also observed
to have a notable effect of the formation of the ligand bond. Preliminary work suggests that the
formation of the Co-O-Si ligand can be influenced by the oxidation state of the Co NPs during
modification as well as the solvent used during modification. A report on the reduction behaviour,
crystallite size and shape of the modified CoNPs with varying TEOS concentration will be presented
as well as the effect of the TEOS modification on the activity and selectivity of the FT synthesis.
Figure 1: FTIR spectra of model catalyst with different oxidation states (left), and in different solvents (right)

[1] Khodakov, A.Y., Chu, W. and Fongarland, P. Chemical Reviews, 2007, 107(5), 1692-1744.
[2] Cargnello, M., Fornasiero, P. and Gorte, R.J. Catalysis Letters, 2012, 142, 1043-1048.
[3] Mogorosi, R.P. Journal of Catalysis, 2012, 289, 140-150.
[4] Kababji, A.H., Joseph, B. and Wolan, J.T. Catalysis Letter, 2009, 130(1), 72-78.
[5] Shukla, P., Sun, H., Wang, S., Ang, H.M. and Tadé, M.O. Separation and Purification Technology, 2011, 77(2), 230-236.
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The adsorptive desulfurization of both commercial and synthetic diesel fuel was carried out using
metal oxide impregnated onto commercial activated charcoal, in a batch mode adsorption system.
Metal acetate precursors of Cr, Mn, Fe, Co, Ni, Cu, Zn were used to prepare the adsorbents each
containing approximately 15 weight% metal. The physiochemical properties of the adsorbents were
characterized using, thermogravimetric analysis (TGA), Fourier-transform infrared spectroscopy (FTIR), scanning electron microscope (SEM), energy-dispersive X-ray spectroscopy (EDS) and BET
surface area analysis. In respects to the synthetic diesel, the results in Figure.1 show that CuO/AC and
NiO/AC adsorbent had the highest adsorption capacity, where activity was in the order of NiO ≥ CuO
> AC > MnO > CrO. An adsorption capacity trend was observed for both commercial and synthetic
diesel, where the activity increased as the electronegativity of metals increased. The more
electronegative the central metal atom, the higher the Lewis acidity of the metal oxide. The
electronegativity trend of the transition metals used is 1.91(Ni) > 1.90 (Cu) > 1.66 (Cr) > (Mn) [1].
Bearing in mind that acidity (electronegativity) also increases as the oxidation state of the metal oxide
increase.
In the desulfurization of commercial Shell diesel (Figures.2 a and b), the deposition of metal oxides
onto the activated charcoal also increased its selectivity towards the larger more steric sulfur
compounds containing alkyl groups. Where the concentration of these thiophenic compounds
decreased by 75% with the first hour of adsorption, and their concentrations were below 10ppm after
3 hours when the CuO/AC adsorbent was used.
Figure 1: A comparison of how the total sulfur adsorbed from synthetic diesel at 30°C changed, when different
metal oxides were loaded onto activated carbon.

Figure 2: A comparison of how the concentration for different steric thiophene compounds in commercial diesel changed
with time, when a) pure activated carbon and b) CuO/AC at 60°C was used.

a.

b.

[1] A. B. Boffa and C. Lin, “Lewis acidity as an explanation for oxide promotion of metals : implications of its importance and limits for
catalytic reactions,” vol. 27, pp. 243–249, 1994.
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The oxygen reduction reaction of the proton exchange membrane fuel cell (PEMFC) is characterised
with sluggish kinetics which affect the activity of the cell. The ORR occurs in two pathways which
are the production of water and the production hydrogen peroxide. The more desired pathway is the
water pathway as it involves a number of four electrons. Hydrogen peroxide pathway on the other
hand involves two electrons and is corrosive to the cell environment [1]. The ORR takes place in the
surface of a catalysts and it is important that the catalyst may be good enough for the efficiency of the
ORR. An important issue with PEMFC is the lack of alternative catalysts to platinum for the oxygen
reduction reaction. The high cost and limited availability of platinum restricts its long term use for
large scale applications and commercialisation of PEMFC. Consequently, there is a great interest in
alternative catalysts to platinum for PEMFC such as metal alloys. In this study, platinum alloyed with
palladium catalysts supported on carbon xerogels were synthesised in order to evaluate their activity
towards oxygen reduction reaction. There were five synthesis routes used employing five different
reducing agents which include propanol, ethanol, methanol, ascorbic acid and formaldehyde
respectively. The synthesis methods had a planned composition of metal content close to 40 wt. %
and Pt:Pd atomic ratios around 1:2. The prepared Pt-Pd/CX catalysts were physically characterised by
EDS, XRD and TEM in order to determine their composition and physical and morphological
properties. The catalytic activity towards oxygen reduction reaction was assessed by electrochemical
techniques such as rotating-disk electrode (RDE) and cyclic voltammetry (CV) as shown in figure1.
All synthesized Pt-Pd/CX catalysts showed an improved diffusion current density when compared to
the commercial Pt/C catalyst.
Figure 1: RDE measurements of synthesized Pt-Pd/CB and Pt/C commercial catalysts at 1600rpm in O2
saturated 0.1M HClO4 at scan rate of 2m.V-1.

[1] Gasteiger, H.A; Kocha, S.S; Sompalli, B; and Wagner, F.T. Activity benchmarks and requirements for Pt, Pt-alloy, and non-Pt oxygen
reduction catalysts for PEMFCs, Applied Catalysis, B: Environmental, 2005, 56, 9-35.
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Hydroformylation is one of the largest homogeneously catalysed industrial reactions, and has been
extensively studied as a convenient synthetic tool for carbonylation.[1] In 2008 hydroformylation
processes were responsible for the production of 10.4 million metric tons of oxo chemicals. The
aldehydes produced are valuable final products and intermediates in the synthesis of bulk chemicals
such as alcohols, esters, and amines.[2], [3] Linear aldehydes, in particular, form important
intermediates as they are converted into aldol adducts, which are used in the production of plasticizers,
or into linear alcohols, which are used as detergents.[1]
Rhodium-catalysed hydroformylation processes are widely used for the production of a variety of
commodity chemicals, however, the high costs associated with PGMs has made catalyst recovery
imperative.[4], [5] The separation of the aldehyde product from the expensive Rh catalyst has been
challenging, and, as a result, majority of industrial hydroformylation processes involve the
hydroformylation of lower olefins where the aldehyde can be separated by distillation. However, new
separation techniques have been explored, namely that of biphasic systems and immobilisation
techniques.[5] The most successful has been that of biphasic systems which allow one to fully utilize
the inherent advantages of homogeneous catalysts whilst avoiding the costly recycling procedure
associated with traditional homogeneous catalysis.[6] The most common type of a biphasic catalytic
system is that of a liquid-liquid system, typically employing aqueous-organic conditions.[7] However,
immiscible organic-organic systems have also been described [7], along with systems involving
fluorous solvents [8], ionic liquids [9], and supercritical fluids, especially supercritical carbon
dioxide.[10]
It is in this context that we explore the use of water-soluble Rh(I) complexes in the aqueous biphasic
hydroformylation of higher olefins through the design and synthesis of new water-soluble iminopyridylbased ligands, as well as their reduced counterparts, and their corresponding Rh(I) complexes. In
keeping with green chemistry, we also seek to explore the use of CO2 utilisation in aqueous biphasic
hydroformylation/carboxylation as a means of reducing one of the major pollutants in the Earth’s
atmosphere, as well as utilising the naturally abundant raw material in chemical processes.
[1]
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[3]
[4]
[5]
[6]
[7]
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R. Tanaka and K. Nozaki, Reduction: Hydroformylation C–H and C–C, Elsevier Ltd., Amsterdam, 2012, vol. 5.
P. W. N. M. Van Leeuwen, Homogeneous Catalysis Understanding the Art, Kluwer Academic Publishers, Dordrecht, 2003.
S. Naqvi, Process Economics Program Report 21E, 2010.
Platinum-Group Metal Mines in South Africa, The South African Department of Minerals and Energy, 2003.
G. T. Whiteker and C. J. Cobley, Top. Organomet. Chem., 2012, 42, 35–46.
D. Cole-Hamilton and R. Tooze, Catalyst Separation, Recovery and Recycling: Chemistry and Process Design, Springer,
Dordrecht, 2006.
I. V. Gürsel, T. Noël, Q. Wang and V. Hessel, Green Chem., 2015, 17, 2012–2026.
A. B. Theberge, G. Whyte, M. Frenzel, L. M. Fidalgo, R. C. R. Wootton and W. T. S. Huck, Chem. Commun., 2009, 6225–6227.
S. Liu, T. Fukuyama, M. Sato and I. Ryu, Org. Process Res. Dev., 2004, 8, 477–481.
J. L. Anthony, E. J. Maginn and J. F. Brennecke, J. Phys. Chem. B, 2002, 106, 7315–7320.
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The Fischer-Tropsch (FT) synthesis can be used to convert biomass into liquid fuels in a carbon neutral
manner [1]. The FT process is, however, capital-intensive [2] and currently operates primarily as a large
scale, coal or gas-fed venture. The economic viability of small-scale, biomass-to-liquid plants relies on
design improvements that promote simplicity and cost effectiveness. Removing the oxygen plant and
running the system in a simple once-through FT reactor configuration may achieve this [3]. However, this
requires a high FT conversion per pass necessitating operation at a high partial pressure of H2O and low
partial pressures of CO and H2. This study focusses on the effect of these conditions on the stability of a
cobalt catalyst.
High conversion runs were conducted in a slurry bed reactor at T=220°C, P=20 bara, N2:H2:CO=3:2:1 to
mimic air-blown gasification. The conversion was increased from 50% to 97% incrementally by
decreasing the volumetric flowrate of CO from 167 mln/min to 20 mln /min. After each conversion
increment, the flowrate of CO was returned to 167 mln/min in order to assess the extent of irreversible
deactivation.
Figure 1: CO conversion as a function of time on
stream and CO flow rate for high conversion run.

Figure 2: CO activity loss at various conversion
levels.

The supported cobalt catalyst exhibited negligible deactivation going to 60%-65% conversion with no
permanent activity loss on return to standard conditions. Slight permanent activity loss was noted on
returning to standard conditions for both 70% conversion level and 80% conversion level. The loss of
permanent activity increased dramatically at 97% where both reversible and irreversible deactivation was
noted. It is hypothesised that this activity loss is due to the oxidation of metallic cobalt to CoO due to high
partial pressures of water within the reactor. The deactivation at high conversion was irreversible,
signifying a possible conversion to the thermodynamically stable CoAl2O4 phase.
[1] G. Liu, E. D. Larson, R. H. Williams, T. G. Kreutz, and X. Guo, “Making Fischer−Tropsch Fuels and Electricity from Coal and Biomass:
Performance and Cost Analysis,” Energy & Fuels, vol. 25, no. 1, pp. 415–437, 2011.
[2] R. Zennaro, “Fischer – Tropsch Process Economics,” Greener Fischer-Tropsch Process., pp. 149–169, 2013.
[3] K. Aasberg-Petersen et al., “Technologies for large-scale gas conversion,” Appl. Catal. A Gen., vol. 221, pp. 379–387, 2001.
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In view of the environmental issues related to global energy supply, the utilisation and development of
alternative sustainable energy sources have attracted noteworthy interest. The production of hydrogen
(through water splitting) through solar irradiation is a potential clean source of energy when coupled
with free and clean solar irradiation. However, the efficiency of photo-electrochemical (PEC) water
splitting typically depends on the sunlight-harvesting ability of the photo-electrocatalyst, preferentially
ranging from ultraviolet to visible light, to photogenerate electron/hole pairs (e−/h+) for fuel production
[1]. A number of metal-oxides, such as TiO2 [2] and β-Fe2O3 [3], have been studied as photo-anode
materials to accelerate the oxygen evolution reaction (OER). Herein, we synthesised nickel telluride
oxide materials employing the Pechini sol-gel method with subsequent sintering at 400 °C (NTO-400),
600 °C (NTO-600) and 800 °C (NTO-800). Various physico-chemical techniques, that include X-ray
diffraction (XRD), scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy
(EDX), were employed to analyse the phase structure, morphology and purity of the prepared materials.
The band-gap energy of NTO-600 was determined to be 2.56 eV employing diffuse reflectance
spectroscopy (DRS). The PEC activity of the synthesised materials were investigated for the OER in
0.1 M KOH solution employing linear sweep voltammetry (LSV) and electrochemical impedance
spectroscopy (EIS) under different experimental conditions, i.e. dark, illuminated (visible light) and
interrupted illumination conditions. Visible-light illumination and interrupted illumination
measurements of all samples displayed significantly higher photocurrent density as compared to their
respective dark measurements. The highest photocurrent density was observed for the NTO-600 sample
(Figure 1), which is a direct result of its high electrical conductivity and optical activity.
Figure 1: Photocurrent density-potential curves for NTO-600 photo-electrocatalyst at a scan rate of 10 mV.s−1
and 25 °C in O2 purged 0.1 M KOH solution under visible-light (LED) illumination
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The ability of nanomaterials to adsorb specific adsorbates such as CO may be determined by the
surface properties of the metals. Thus, for a specified selectivity, tuning of surface properties may be
required. Catalyst surface may be modified by introducing organic or organometallic ligands on to the
surface of a nanoparticle.[1],[2] A ligand can be attached to the surface of the nanoparticle either
through formation of a chemical bond by way of a chemical reaction between the surface hydroxyl
groups on the metal surface and the active part of the ligand introduced,[1–3] or physisorption. If the
uptake of the ligands onto the nanoparticle surface occurs through formation of a chemical bond, the
electronic properties of the site to which the ligand is bonded may be altered.[4] This electronic
influence may not be restricted to the surface atom to which the ligand binds, but may further alter
atoms that are surrounding the ligand-blocked site. Consequently, the catalytic properties of such
adjacent, ligand-free surface atoms may be changed, too. CO is known to withdraw electrons when it
adsorbs on cobalt surface. Modifying the electron density on cobalt may affect the adsorption
properties of CO on the cobalt surface.
Here we report how modification of cobalt with organosilanes of different electronic behaviour (e.g.
electron withdrawing or electron donating) changes the the electronic configuration of cobalt atoms
thereby altering the adsorption properties of the cobalt catalyst and hence the effect on the selectivity
in Fischer-Tropsch synthesis. From XPS results, Co 2p peaks shift shifts to higher binding energy
when electron withdrawing ligands (tetraethoxysilane; TEOS) is used and to lower binding energy
when electron donating ligands (triphenylethoxysilane; TPES and triethoxyphenysilane;TPS) are
used. The shift in the binding energy is attributed to transfer of electron density between Co atom and
the modifying ligand thus necessitating the adjusted CO adsorption propertied.
Figure 1: XPS features for Co 2p for a) unmodified cobalt oxide, b) TPES c) TPS and d) TEOS modified cobalt
catalysts

M. Ojeda, F. Jose, P. Terreros, S. Rojas, T. Herranz and
[1]
L. G. Fierro, Langmuir, 2006, 3131–3137.
[2] E. Ukaji, T. Furusawa, M. Sato and N. Suzuki, Appl. Surf. Sci., 2007, 254, 563–569.
[3] N. Gurbuz, I. Ozdemir, T. Seckin and B. Cetinkaya, J. Inorg. Organomet. Polym. Inorg. Organomet. Polym., 2004, 14, 149–159.
[4] R. P. Mogorosi, N. Fischer, M. Claeys and E. Van Steen, J. Catal., 2012, 289, 140–150.
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Hydrogen is the most abundant element in the universe and possesses energy carrier characteristics that
can be utilised to generate electrical energy [1]. The useful molecular form of hydrogen (H2) however
has to be produced. Of the various technologies available for H2 production, alkaline water electrolysis
is one of the main candidates to compete with steam reforming as one of the primary hydrogen
production sources [2]. Alkaline water electrolysis is currently catalysed by expensive metals such as
Ru and Ir [2], thus rendering this process for H2 production cost-ineffective and not commercially
favourable. In an effort to reduce the cost of alkaline water electrolysis, studies of inexpensive metal
catalysts show that nickel (Ni) and especially Ni oxides exhibit reasonable activity and corrosion
resistance in an alkaline environment [3]. As the supporting structure is directly related to the
morphology of the active surface area, it is an important factor to consider in an attempt to increase the
activity of alternative electrocatalysts [4]. Vulcan carbon (VC) with nafion was used as the supporting
structure to investigate the electrocatalytic activity of IrxNiyOz electrocatalysts for the oxygen evolution
reaction (OER) in alkaline media. 64 different IrxNiyOz (20nm) combinations were sputtered onto a VC
supported wafer (Figure 1a) as substrate and subjected to high-throughput screening.
Figure 1: a) Illustration of the high-throughput wafer pattern with an inset of the working electrodes containing
VC:Nafion support, b) high-throughput data of the best IrxNiyOz combinations with Ir100O and Ni100O as
references.

a)

b)
1. Ir100Oz
2. Ni100Oz
3. Ir95Ni5Oz
4. Ir67Ni33Oz
5. Ir66Ni34Oz
6. Ir62Ni38Oz
7. Ir24Ni76Oz

Single electrode linear sweep voltammetry (LSV) and chronopotentiometry (CP) were employed to
compare the catalytic activity and stability of the selected Ir100Oz, Ni100Oz and IrxNiyOz thin films.
Results indicated that the sputtered IrxNiyOz on VC support exhibited (i) improved activity at a
benchmark current density of 10 mA.cm-2, and (ii) lower overpotential compared to Ir100O and Ni100O,
which suggests improved catalyst utilisation. Improved short term stability was achieved by the VC
supported electrocatalysts, compared to unsupported electrocatalysts, which suffered from delamination
during CP measurements. These results validate IrxNiyOz as potential alternative electrocatalyst for the
OER in alkaline media.
[1] Winter, C.J., Hydrogen energy - Abundant, efficient, clean: A debate over the energy-system-of-change. 2009(34), p. 1-59
[2] R.L. Doyle, M.E.G.L., Chapter 2: The oxygen Evolution Reaction: Mechanistic Concepts and Catalyst Design. 2016: Springer. 559.
[3] M.E.G. Lyons, M.P.B., Int. J. Electrochem. Sci., 2008. 3: p. 1386-1424.
[4] Dicks, A.L., J. of Power Sources, 2006. 156(2): p. 128-141.
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Clean hydrogen energy, is gaining significance from the viewpoint of both solar and
environmental perspectives. Renewable hydrogen can be produced, by the anaerobic photocatalytic
reforming of glycerol, a coproduct of manufacturing biodiesel from biomass [1-3]. Here in the
present study, silver-loaded TiO2 prepared by impregnation and g-C3N4 modified silver-loaded
TiO2 composite photo catalysts are studied. The expanded photoresponse of TiO2 into the visible
region r esult s fr om silver and g-C3N4 on the surface layers. XPS results confirm the A g
oxidation state (both +1 and 0) in fresh and used catalysts. Maximum hydrogen production of 4 mmol
h-1 g-1 is obtained on 1 wt% silver-loaded TiO2 in 10% glycerol aqueous solutions. A
significant improvement in hydrogen production is observed in g-C3N4 modified systems when a
production of 7,8 mmol h-1g-1 is obtained over 3 wt% silver-loaded TiO2 with g-C3N4. (These
absolute rates are at the level required for industrial application.) The high activities reflect the
synergetic effects of g-C3N4 and silver-loaded TiO2 heterojunctions and highly photoactive Ag2OAg phases on silver-loaded TiO2 with g-C3N4. Despite these encouraging results with silver, it must
be added that the use of base metals such as iron [2], nickel [3] or copper [4] is also very promising in
other, closely related systems. A comparison with these photocatalysts will also be made. Finally, the
fate of the carbon in glycerol is not always reported, but mechanisms have been presented for
conversion via glycolic acid, formaldehyde and formic acid, with H2 and CO2 as the ultimate
dehydrogenation products [5]. For a feed of 1:3 glycerol:water, an H2:CO2 ratio in the product at full
conversion would be 2.33, assuming simultaneous water splitting and no output O2. CO2 conversion
in tandem could offer an even greener solution for biomass conversion to hydrogen and other fuels.
[1]
[2]
[3]
[4]
[5]
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Semiconductor-based photocatalysis by metal oxide nanostructures continues to attract extensive
research interest for water splitting [1], as well as photodegradation of organic molecules in water [1,
2] and air purification [3]. Over the years, titanium dioxide (TiO2) has been central to photocatalytic
applications, in which it demonstrated relatively high reactivity and chemical stability under
ultraviolet (UV) light, whose energy exceeds the band-gap of 3.2 eV in the anatase crystalline phase
[4]. As UV constitutes only a small portion of the solar spectrum, current research efforts have shifted
towards alternative materials that can be photo-excited by radiation from the main part of the solar
spectrum, i.e., visible light [5]. Therefore, the development of cheaper, environmentally-friendly and
abundant photocatalysts is the main aim of this research. With the inclusion of particle morphology as
one of the factors influencing the photocatalytic performance of semiconductor materials [6], another
aspect of this research focuses on shaping metal oxide nanostructures to tailor them for application.
To this effect, iron oxide nanostructures have been selected for study because of their low band-gaps
[7], with a nanorod shape as a desirable objective. In this work, the synthesis of iron oxide
nanostructures has been carried out by heating an aqueous solution of an iron source. After
centrifugation and washing free of contaminating ions, the solid product was characterized by XRD
and SEM as major techniques, complemented by FTIR studies. XRD revealed that the initial product
after heat-treating the salt solution was akaganeite (β-FeOOH), which got converted into hematite (αFe2O3) upon calcination. The nanorod morphology of the products was confirmed by SEM
micrographs.
Figure 1: SEM micrograph of the synthesised Iron oxide nanorods.
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Perhydro-dibenzyltoluene (p-DBT) is a liquid organic hydrogen carrier (LOHC) with a high

hydrogen storage capacity (6.2 wt. %; 57 kg/m3). LOHCs have been proposed as a safe and
efficient way of storing hydrogen due to their reversible hydrogenation and dehydrogenation
processes that can be activated using a catalyst. In this study, using the first H abstraction of
perhydro-dibenzyltoluene (p-DBT) on (110) surfaces as the rate determining step (RDS) for
subsequent dehydrogenation of p-DBT, the influence of Pt-transition metal subsurface alloys (Pt-TM)
on this RDS is investigated using van der Waals corrected density functional theory (vdW-DFT)
calculations. Pt is the standard catalyst of choice in many catalytic reactions especially since it is
known to be thermo neutral in the case of hydrogen evolution reaction (HER). However, with the
dwindling natural Pt sources, its cost is likely to soar thus, there is need for either Pt-derived or Pt-free
catalysts to be sought. Transition metals (TM) have been considered as possible heterogeneous
catalysts either in their pristine form or as alloys with Pt (Pt-TM). In this study, the transition metals
considered as subsurface alloys with Pt include; 3d transition metals Mn, Fe, Co and Ni, 4d transition
metals Tc, Ru, Rh and Pd and 5d transition metals Re, Os, Ir and Pt. The calculated adsorption
energies of p-DBT on the Pt-TM (110) surfaces and their respective activation energies for H
abstraction are presented.
Figure 1: Adsorption of DBT on the different Pt-TM subsurface configurations considered in this study.
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Two new methyltrioxorhenium(VII) (MTO) complexes based on a dendritic scaffold were prepared and
characterized. Two model (mononuclear and binuclear) complexes were also prepared for comparison
purposes. The complexes were characterized by standard spectroscopic techniques in conjunction with
elemental analysis. The complexes acted as selective and excellent catalysts in the epoxidation of
cyclohexane and cis-cyclooctene, respectively, using urea-hydrogen peroxide as an oxidant instead of
hydrogen peroxide.
Figure 1: Dendritic MTO-Schiff base complexes.
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Nickel catalysts are widely used commercially for steam reforming and methanation processes, in which
these catalysts are exposed to a variety of harsh conditions, such as temperatures up to 1200 °C and the
presence of steam in these reactors [1]. These catalysts are known to deactivate mostly by sintering and
carbon deposition, as well as to a lesser extent by oxidation to the inactive nickel oxide [1]. The
oxidation of nickel is not thermodynamically feasible at any conditions relevant to these industrial
processes, however, studies have shown the oxidation to occur. The oxidation is thought to be possible
due to size effects, similar to the case with Co catalysts for the Fischer-Tropsch synthesis, where the
size dependent oxidation can occur due to the increased surface energy contributions of smaller
crystallites [2, 3].
In order to test the size dependent oxidation of Ni, a catalyst system with tuneable metal size and narrow
size distribution was required. Homogeneous deposition precipitation (HDP) was used for the synthesis,
with the reduction temperature being altered to control the crystallite size. Two catalysts, with a size
of 3.6 nm and 7.5 nm were tested using the UCT in situ magnetometer [4], in which the phase change
from magnetic Ni to other non-magnetic phases, such as nickel oxide or nickel silicate, can be detected
under testing conditions. The catalysts were exposed to a gas mixture of H2O and H2, with the partial
pressure ratio of these gasses being increased, up to a ratio of H2O/H2 of 400, to determine the point at
which oxidation begins to occur. Figure 1 shows that for the sample with a smaller size, a significant
loss in magnetisation is observed at H2O/H2 ratio of 10, due to the oxidation of Ni to a non-magnetic
phase. The larger sample was more resistant to oxidation, with much larger ratios required to oxidise
the sample. The larger sample oxidised to a lesser extent than the smaller sample, in which there was a
63% loss of the initial magnetisation.
Figure 1: Normalised magnetisation for 3.6 nm and 7.5 nm reduced HDP catalysts as a function of the steam to
hydrogen partial pressure ratio (PH2O/PH2).

[1] Rostrup-Nielsen, J., Catal. Sci. Technol., 1976, 5, 1-119.
[2] van Steen, E; Claeys, M; Dry, M; van de Loosdrecht, J; Viljoen, E and Visagie, J. J Phys. Chem. B, 2005, 109(8), 3575-3577.
[3] Wolf, M; Kotze, H; Fischer, N and Claeys, M. Faraday Discuss., 2017, 197, 243-268.
[4] Claeys, M.; van Steen, E.; Visagie, J.; van de Loosdrecht, J., A Magnetometer, WO2010/004419 A2, University of Cape Town, 2010.

51

OP 17

Optimising the PtxNiyAlz ratio as thin film electrocatalyst for the oxygen
evolution reaction (OER) in alkaline medium
HK Kishinkwa, A Falch, RJ Kriek
Electrochemistry for Energy & Environment Group, Research Focus Area: Chemical Resource Beneficiation (CRB),
North-West University, Potchefstroom, 2520, South Africa, South Africa, e-mail: 23692979@nwu.ac.za.

Keywords: Oxygen evolution reaction (OER), thin films, alkaline medium

Current energy sources such as oil, coal and gas (all fossil fuels) are diminishing and have drawbacks
such as the constant emission of carbon dioxide (CO2) to the atmosphere. Research seeking alternative
energy technologies, based on renewable energy resources, has identified hydrogen gas (H2) as a clean
energy carrier [1,2]. Alkaline electrolysis (AEL) is one of the preferred and advantageous techniques for
hydrogen gas (H2) production. With the efficiency of this technique linked to the activity of the oxygen
evolution reaction (OER) at the anode, the electrochemical production of hydrogen needs to be
optimised due to the sluggish kinetics and large overpotentials of the OER. This has resulted in the
search for OER electrocatalysts that allow for high electrocatalytic activity and stability under harsh
conditions. IrO2 and RuO2 have been identified as the most active OER catalysts for AEL as they
produce high current densities at low overpotentials, however these noble metals are costly [3,4].
Research seeking to identify an efficient and cost effective AEL electrocatalyst, that can operate at low
overpotential with higher current densities and have low noble metal content, has shown that Ni and
NiAl combinations exhibit excellent activity and stability in an alkaline environment for the OER.
This investigation has shown that combinatorial physical vapour deposited ratios of PtxNiyAlz have
exhibited greater activity than Pt, Ni and NiAl [5,6]. Linear sweep voltammetry and chronopotentiometry
were used in this study to compare the electrocatalytic activity and short-term stability of the sputtered
ratios. The 10 most active ratios of PtxNiyAlz, identified from the co-sputtered wafer screening, were
further sputtered onto glassy carbons for additional physical and electrochemical analysis.
Figure 1: Graph of the overpotentials exhibited by the 10 best electrocatalytic ratios before and after the stability
test (CP) with, (1) Pt10Ni55Al35, (2) Ni100, (3) Pt15Ni65Al20, (4) Pt25Ni60Al15, (5) Pt15Ni55Al30, (6) Pt10Ni60Al30, (7)
Pt35Ni60Al5, (8) Pt5Ni95, (9) Pt15Ni80Al5, (10) Pt15Ni60Al25

[1] F. M. Sapountzi, J. M. Gracia, C. J. Weststrate, H. O. A. Fredriksson and J. W. Niemantsverdriet, Progress in Energy and Combustion
Science, 2017, 58, 1-35.
[2] K. Zeng and D. Zhang, Progress in Energy and Combustion Science, 2010, 36, 307-326.
[3] S. Marini, P. Salvi, P. Nelli, R. Pesenti, M. Villa, M. Berrettoni, G. Zangari and Y. Kiros, Electrochimica Acta, 2012, 82, 384-391.
[4] C. Xu, L. Ma, J. Li, W. Zhao and Z. Gan, International Journal of Hydrogen Energy, 2012, 37, 2985-2992.
[5] C. K. Kjartansdóttir, L. P. Nielsen and P. Møller, International Journal of Hydrogen Energy, 2013, 38, 8221-8231.
[6] J. Lee, B. Jeong and J. D. Ocon, Current Applied Physics, 2013, 13, 309-321.
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The development of enhanced efficient industrial catalytic systems that are more sustainable, profitable
and environmentally friendly remains a crucial research focus for industrial processes. Traditionally,
heterogeneous catalysts consist of an active metal immobilized on a solid porous support. However,
metal tetracyanometallate materials, [1] which possess two cyanide bridged metal sites arranged in a
zeolite-like microporous structure, can act as self-supporting heterogeneous catalyst and thus do not
require a catalyst support. [2] The bimetal sites are homogeneously dispersed throughout the porous
structure in a 1:1 ratio. These properties, together with their high insolubility, chemical and thermal
stability make them suitable heterogeneous catalysts. In this research, our interest is to synthesize a
series of nano-sized metal tetracyanonickelates of the form (KMy[Ni(CN)4].qH2O) with M = Fe, Co,
Ni, Cu, in the hope to generate a more effective and recoverable catalysts. Different methods of
preparing these nanomaterials such as co-precipitation and reverse micro-emulsion will be explored.
Characterization techniques include elemental analysis, XPS, FTIR and TEM. The catalytic activity of
these metal tetracyanonickelate catalysts will be tested for solvent free oxidation of alcohols to their
corresponding aldehydes. Reactions will be monitored by FTIR and H1 NMR.
Figure 1: Preparation of the nano-sized three-dimensional metal cyanonickelate compounds. (a) Unit cell (b)
Repeating units of the coordination network.

[1] Gerber, SJ and Erasmus, E. Mat. Chem. Phys, 2018, 203, 73-81.
[2] Gerber, SJ and Erasmus, E. Trans. Met. Chem, 2018, 43, 1-12.
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The Fischer-Tropsch synthesis (FTS), which converts syngas into liquid fuel, has a very important
application and perspective. The fixed bed reactor (FBR) is one of the most competitive and mature
reactors applied in small scale FTS, such as biomass to liquid fuel process (BTL). Compared to lab
scale FBR, heat transfer is more important and the temperature profile along the catalyst bed cannot
be ignored in a bench scale FBR. In this study, a bench scale reactor with 50mm diameter and 1 000
mm length was specially designed for temperature measurement and employed in FTS. Four
thermocouple sheaths were placed at different radial positions of the reactor. Each thermocouple can
slide smoothly inside the sheath and measure the temperature in axially direction. Serial experiments
were conducted at low temperature FTS conditions (2 MPa and 185 ) with Co-based catalyst. The
temperature distributions and reaction performance were investigated when changing the inert gas
(nitrogen) content and gas hourly space velocity (GHSV) respectively.
Computational fluid dynamics (CFD) simulation is an efficient access for certain chemical operating
unit designing, result prediction and operating condition optimization. A 2D pseudo-homogeneous
FBR model including the oil bath on the shell side was set up and solved by Fluent in this study.
Thermal equilibrium was assumed between the gas phase and the solid phase (catalyst bed). A widely
used semi-empirical kinetic model was implemented to describe the FTS. When separately comparing
the temperature profile (Figure 1) and reaction performance (CO conversion, CH4 selectivity and C5+
hydrocarbon selectivity) from simulation results to experimental data, it showed a good agreement.
Based on this validated model, numerical experiments can be conducted to give a precise guideline
for further studies on optimization of FTS operating conditions or hot spot prediction.
Figure 1 Temperature comparison of simulation results and experimental data
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Platinum catalysts have been shown to be highly active toward the Water-Gas Shift (WGS) reaction
within the medium temperature regime. For this reason Pt catalysts have been extensively studied for
their application in fuel processor systems [1]. The success of fuel processors lies in the development
of stable and highly active catalysts. The catalyst synthesis method used directly influences these
properties.
Solution Combustion Synthesis (SCS) has been investigated as a catalyst preparation method for its
low cost, simplicity and ability to form highly pure and homogeneous nanosized powders [2]. The
SCS parameters (fuel type, fuel-oxidant ratio and precursor type) influence the morphological
properties (crystalline structure, crystallite size, and surface area) of the synthesized nano-size
powders [3,4]. Variation of these parameters allows for the tuneability of the resulting catalyst
properties. This study aims to determine the structural and morphological transformations that occur
upon variation of the ceria precursors (cerium (III) nitrate hexahydrate and ammonium cerium (IV)
nitrate) and the fuel-oxidant ratio (φ = 0.50, 1.00, 1.25) on preparation of 1 wt.% Pt/CeO2 catalysts for
the WGS reaction as applied in a fuel processor.
Figure 1: Solution Combustion Synthesis.

Previously it was shown that the cubic fluorite structure of CeO2 support was formed during the short
(< 10 s) self-propagating combustion reaction. Furthermore, the crystallinity and crystallite size also
depended on the combustion temperature which was mainly determined by the fuel-oxidant ratio.
Following on from this, the Pt particle size and distribution were evaluated and validated using three
methods: Transmission Electron Microscopy (TEM), Temperature Programmed Reduction (TPR) and
CO chemisorption. X-ray Photoelectron Spectroscopy (XPS) was used to determine the different Pt
oxidation states present in the one-shot platinum catalysts versus those impregnated and calcined.
Medium temperature conditions were used to evaluate the catalysts’ activity towards the WGS
reaction under a simulated reformate gas composition (50% H2, 6.67% CO, 6.67% CO2, 33.3% H2O,
3.36% He).
[1] Alijani, A and Irankhah, A. Chemical Engineering Technology. 2013, 36, 209–219.
[2] Alves, A.K.; Bergmann, C.P. and Berutti, F.A. Novel Synthesis and Characterization of Nanostructured Materials, Springer,
Heidelberg, Germany, 2013.
[3] Gayen, A; Boaro, M.; de Leitenburg, C; Llorca, J and Trovarelli, A. Journal of Catalysis. 2010, 270, 285–298.
[4] Bera, P; Malwadkar, S; Gayen, A; Satyanarayana, C.V.V.; Rao, B.S. and Hegde, M.S. Catalysis Letters. 2004, 96, 213–219.
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The Oxygen evolution reaction (OER) is a very important reaction in electrochemical cells, such as
water electrolysers and fuel cells. The electrochemical cells operate under harsh conditions and
therefore require catalysts that provide both high activity and durability. It was found that among the
noble metal electrocatalysts, only iridium (Ir) had a high activity to both the ORR in acidic media, and
in its oxide form, to the OER in acidic media [1]. McCrory et al., (2013) also found that of all their
tested metal oxide systems, IrOx was the most stable under the desired conditions in acidic solutions.
IrO2 is an efficient catalyst for the OER but the use of pure IrO2 is limited due to high costs and short
electrode lifespan [2]. Researchers have investigated using mixtures with less expensive oxides such as
SnO2 [2] or depositing IrO2 on a support material [1]. Ideal catalyst supports used in electrochemical
cells needs to have a porous nanostructure and high electronic conductivity for transfer of electrons
through the external circuit.
Carbon remains the ideal support due to its low costs, however, it undergoes corrosion under certain
conditions during operation. Carbon blacks are the most used however, graphitized carbon supports
have been gaining more attention due to corrosion resistance and superior electrical conductivity [3]. In
this study graphitic carbon was selected as a support for IrO2 nanoparticles. TEM images below
illustrate the successfully synthesised IrO2 nanoparticles on various graphitized carbon supports ranging
between 3 and 9 nm. The materials were analysed using XRD and EDX.
Figure 1: IrO2 nanoparticles on a) Graphitized Ketjen black, and b) Graphitized Vulcan

a)

b)

The interaction between the support and the catalyst were probed to determine how the use of different
support materials influence the particle structure, shape and size, and therefore performance of the OER
catalyst. These interactions were probed using ex-situ and in-situ TEM as well as XPS analysis.
Electrochemical analysis was performed to determine the ECSA, OER performance and the durability
of the synthesized catalyst and compared to commercially available bare IrO2.
[1] Chang, C., Yuen, T., Nagao, Y. & Yugami, H. Solid State Ionics, 2011, 197, 49-51.
[2] Antolini, E. ACS Catalysis, 2014, 4, 1426-1440.
[3] Sadhasivam, T., Roh, S.-H., Kim, T.-H. & Park, K.-W. International Journal of Hydrogen Energy, 2016, 41, 18226-18230.
[4] Da Silva, G., Perini, N., & Ticianelli, E. Applied Catalyst B: Environmental, 2017, 218, 287-297
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Promoters such as bismuth (Bi) and molybdenum (Mo), play an important role in enhancing the
catalytic activity of noble-metal (e.g. platinum) towards the oxidation of benzyl alcohol into valueadded fine and specialty chemicals. The incorporation of a promoter on the surface of platinum can
modify its electronic effects, enhancing its functionality or decrease the active site ensembles and
thereby suppressing poison formation and increase catalytic activity. It was further postulated that
geometry of the active sites ensembles depends the size of the promoter [1].
The aim of the study is to evaluate the catalytic performance of bismuth and molybdenum promoted
Pt-based catalysts for benzyl alcohol oxidation, emphasizing the role of the promoter on catalytic
activity of the system. Unpromoted Pt/TiO2 is used for comparison. Pt, Pt3Bi and Pt3Mo were
systematically synthesized using a wet-chemistry approach, followed by immobilization on titania
(TiO2 rutile, 1 wt.-% active metal) as revealed by bright field transmission electron microscopy (BFTEM), cf. Figure 1a (left to right). An average particle size of 5.2 ± 0.6 nm (Pt), 4.3 ± 0.7 nm (Pt3Bi)
and 7.0 ± 1.7 nm (Pt3Mo) was obtained, all yielding a narrow particle size distribution.
The synthesised catalysts were evaluated for benzyl alcohol oxidation at comparable oxidation
conditions. Pt3Bi/TiO2 exhibited highest activity with Pt/TiO2 showing lowest oxidation activity, cf.
Figures 1b-c. This is indicative of promotional effects of these metal additives, probably due to
lowered activation energy. Moreover, each promoter can act as a co-catalyst for alcohol oxidation.
Therefore, individual promoters (Bi and Mo) are investigated for alcohol oxidation (in the absence of
Pt) to further to understand their precise role. Furthermore, activation energy of each Pt-based system
is determined.
Figure 1: (a) Left to right, BF-TEM micrographs of Pt, Pt3Mo and Pt3Bi nanostructures and the log-normal
distribution of the TiO2 supported nano-sized particles (N = 200 particles). (b) Benzyl alcohol conversion as a
function of time on stream and (c) rate of benzyl alcohol oxidation reaction assuming pseudo-first order reaction
as a function of time on stream. Benzyl alcohol oxidation for the first 5 hours of the reaction over various
promoted platinum based catalysts supported on TiO2 (Rutile phase). Reaction conditions: 0.202 mol of benzyl
alcohol in 2.33 mol of H2O and 0.0574 mol of xylene, as solvent mixture, 0.5 g catalyst, 90 °C, Ptotal, air = 5 bar,
Flowrate = 100 mL/min.
Pt/TiO2

Pt3Mo/TiO2

Pt3Bi/TiO2

[1] Ning, X; Li, Y; Yu, H; Peng, F; Wang, H; and Yang, Y. Journal of Catalysis, 2016, 335, 95–104.
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Nano-sized catalysts tend to sinter/agglomerate through migration of the metal particles on a catalyst
support, leading to particle interaction and particle growth. This reduces catalytic activity as it causes
formation of large catalyst particles. Encapsulation of catalyst nanoparticles inside hollow carbon
spheres (HCSs) ensures separation of catalyst particles from each other and consequently reduces
particle growth and agglomeration, especially in harsh reaction conditions (high temperature and
pressure). This study explores the use of HCSs as a catalyst support material.
HCSs can be synthesized by a hard templating method using polymer spheres as templates. The
polymer templates are then removed by thermal decomposition. Polystyrene (PS) nano-spheres have
been used as hard template in synthesis of catalyst nanoparticles encapsulated inside HCSs. However,
PS does not have functional groups, and therefore the catalyst nanoparticles tend to sinter on the PS
surface during the thermal decomposition process. Also, PS decomposes at 400 0C and this result in
further catalyst sintering and agglomeration in the template removal step. A desirable polymer
template will decompose at lower temperatures and have surface functional groups to prevent catalyst
sintering and agglomeration.
Poly (styrene-methyl methacrylate) - PSMMA, a copolymer of styrene and methyl methacrylate, has
been identified as a potential alternative template material for the synthesis of catalyst nanoparticles
encapsulated inside HCSs. PSMMA has functional groups and it can be synthesized with a spherical
morphology. The use of PSMMA has shown an improvement, relative to PS, in dispersion of cobalt
nanoparticles encapsulated inside HCSs. Poly (ethylene glycol) - PEG, poly (ethyl cyanoacrylate) PECA and poly (acrylic acid)-PAA have also been identified as functionalizing agents which can be
used to enhance the surface properties of PS and PSMMA. The use of these functionalizing agents on
both PS and PSMMA has improved the dispersion of cobalt nanoparticles inside hollow carbon
spheres.
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imino-pyridyl

Enantioselective reduction of ketones via transfer hydrogenation catalysed by transition metal
complexes is a prominent method of accessing enantiopure alcohols the production of pharmaceutics,
agrochemicals and cosmetics.[1-3] Here, chiral (S-)-1-phenyl-N-(pyridine-2-yl)ethylidine)
ethanamine (L1), (S)-1-phenyl-N-(pyridine-2-yl methylene) ethanamine (L2), and (R)-1-phenyl-N(pyridine-2-yl methylene) ethanamine (L3) were synthesized in good yield. Treatment of L1-L3 with
FeCl2 and NiBr2(DME) afforded dinuclear complexes [Ni2(L1)4Br2]NiBr4 (1), Ni2(L2)4Br2]NiBr4 (2),
Ni2(L3)4Br2]NiBr4 (3), Fe2(L1)4Cl2]FeCl4 (4) Fe2(L2)4Cl2]FeCl4 (5) and Fe2(L3)4Cl2]FeCl4 (6).
Complexes 1-6 were characterised using FT-IR spectroscopy, mass spectrometry, EPR spectroscopy,
elemental analysis and single crystal X-ray crystallography. Complexes 1-6 showed moderate activity
with low enantiomeric excess in asymmetric transfer hydrogenation of ketones in 2-propanol.
Detailed kinetics, mechanistic, catalyst poisoning profile have also been investigated.

[1] Mo, Yuan-Zhao, et al., Int. J. Org. Chem., 2018, 54.
[2] Chen, Jian-shan, et al., Tetrahedron letters, 2004, 8415-8418.
[3] Hashiguchi, Shohei, et al., J. Am. Chem. Soc. 1995, 7562-7563.
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Hydrogen is an irreplaceable feedstock for several critical chemical and energy conversion processes.
At present, anthropogenic carbon dioxide emissions are at the highest levels ever recorded and global
crude oil, natural gas and coal reserves are rapidly approaching depletion. While hydrogen can be
efficiently obtained by the cracking and processing of fossil fuels, more renewable methods of
hydrogen generation have become increasingly sought after. Polymer electrolyte membrane (PEM)
water electrolysers provide clean, high purity hydrogen with almost zero emissions [1]. While this is a
highly attractive technology for hydrogen generation, rare and expensive noble metal catalysts are
required for efficient and feasible operation.
The oxygen evolution reaction (OER), which takes place at the anode of a PEM water electrolyser,
has sluggish kinetics and therefore requires the use of catalyst; the current state-of-the-art OER
catalysts are mixtures of iridium and ruthenium oxides supported on titania. A significant challenge
faced in the feasible development and large-scale implementation of PEM water electrolysers is thus
the reduction of the noble metal content in electrolyser catalysts [2]. The criteria for support materials
for use in oxygen evolution electrocatalysts is challenging to meet because the reaction occurs in very
harsh conditions. Metal oxides, such as tin (IV) oxide and titania, have been shown to exhibit stability
in the highly acidic and oxidising operating conditions of acidic PEM electrolysis; this is encouraging,
however these oxides do not meet the electrical conductivity requirements which are necessary for the
OER. While titania supported iridium oxide catalysts are well-performing and stable in OER
conditions, the extent of the noble metal oxide utilization in these catalysts can be significantly higher
if supported on more conductive materials. Doping of titania and tin (IV) oxide with suitable metallic
dopants has been shown to induce electronic conductivity. Antimony-doped tin oxide has been shown
to be a suitable support material for both fuel cell and electrolyser catalysts. ATO supported iridium
oxide was shown to enhance OER activity as compared to unsupported iridium oxide [2].
Oxide supported OER catalysts are conventionally synthesised by wet synthesis methods; although
the performance of these catalysts is reasonable, the noble metal oxide dispersion (and utilization) on
oxide supports is not as high as that reported for carbon supported electrocatalysts [4]. A novel, inhouse method for catalyst synthesis by organometallic chemical deposition (OMCD) was seen to
produce well-dispersed platinum on antimony-doped tin oxide for hydrogen fuel cell applications
[3,4]. In this study, the OMCD method has been developed to produce oxide supported OER catalysts
which have been rigorously characterised by both physical and electrochemical techniques.
Electrochemical activity and durability of the metal oxide supported iridium oxide nanoparticles was
tested by cyclic voltammetry, chronoamperometry and electrochemical impedance spectroscopy. The
performance and stability of oxide supported OER catalysts produced by the OMCD method will be
discussed and compared to those prepared by wet synthesis techniques, as well as to unsupported and
commercial OER catalysts.
[1] Fabbri, E., Habereder, A., Waltar, K., Kötz, R. & Schmidt, T.J. Catal. Sci. Technol., 2014, 4(11), 3800–3821.
[2] Puthiyapura, V.K., Mamlouk, M., Pasupathi, S., Pollet, B.G. & Scott, K. J. Power Sources, 2014, 269, 451–460.
[3] Binninger, T., Mohamed, R., Patru, A., Waltar, K., Gericke, E., Tuaev, X., Fabbri, E., Levecque, P., et al. Chem. Mater., 2017, 29(7),
2831–2843.
[4] Mohamed, R., Binninger, T., Kooyman, P.J., Hoell, A., Fabbri, E., Patru, A., Heinritz, A., Schmidt, T.J., et al. Catal. Sci. Technol.,
2018, 8, 2672–2685.

60

OP 26

The development of non-heme N4 tetradentate ligated Mn(OTf)2 complexes
for the investigation of catalytic alcohol oxidation
V Vermaak, AJ Swarts, DA Young
Focus Area for Chemical Resource Beneficiation, Catalysis & Synthesis Group, North-West University, 11 Hofmann Street,
Potchefstroom, 2531, South Africa. E-mail: 24113883@nwu.ac.za.

Keywords: alcohol oxidation, non-heme, manganese(II), catalysis.

Aldehydes and ketones have become important feedstock materials over the last few decades,
particularly for use in the perfume, pharmaceutical and fine chemicals industry [1]. The production
thereof via catalytic hydrocarbon oxidation, led to the development of benign systems and has increased
exploration towards different non-heme manganese complexes [2]. Studies employing aminobis(pyridyl) non-heme Mn(II) complexes to catalyse alkane and olefin oxidation have been numerous
[3]. However, their application as catalysts in alcohol oxidation has received little attention [4]. This
study details the synthesis, characterisation and catalytic application of 16 different non-heme Mn(II)
complexes in the oxidation of benzyl alcohol with hydrogen peroxide (H2O2) as oxidant and acetic acid
(AcOH) as additive (Scheme 1). The prepared complexes were characterised with UV-spectroscopy,
elemental analysis, ESI-MS, magnetic susceptibility and degradation temperature were determined. The
effects of catalyst, oxidant and additive concentration as well as the reaction temperature and time on
the catalytic activity were studied. The most active complex found during screening was chosen to
evaluate its catalytic performance towards various primary and secondary alcohol substrates.
Figure 1: Catalytic oxidation of alcohol substrates with amino-bis(1-methylimidazole) Mn(II) complex.

[1] a) Ye, Z., et al. J. Catal. 2009, 261 (1), 110-115, b) Fortineau, A.-D. J. Chem. Educ. 2004, 81 (1), 45.
[2] a) Bryliakov, K.P. and Talsi, E.P. Coordination Chemistry Reviews, 2014, 276, 73-96, b) Garcia-Bosch, I., et al. Adv. Synth. Catal.
2009, 351 (3), 348-352, c) Shen, D., et al. Org. Lett. 2015, 17 (1), 54-57.
[3] a) Ottenbacher, R. V., Bryliakov, K. P. and Talsi, E. P. Advanced Synthesis& Catalysis, 2011, 353, 885–889, b) Wu, M., Wang, B.,
Wang, S., Xia, C. and Sun, W. Organic Letters, 2009, 11 (16), 3622–3625, c) Ottenbacher, R.V., Samsonenko, D.G., Talsi, E.P. and
Bryliakov, K.P. Organic Letters, 2012, 14 (17), 4310–4313, d) Shen, D., Miao, C., Wang, S., Xia, C. and Sun, W. Organic Letters,
2014, 16 (4), 1108–1111.
[4] a) Shen, D., et al. Org. Lett. 2015, 17 (1), 54-57, b) Berkessel, A.; Sklorz, C. A. Tetrahedron Lett. 1999, 40 (45), 7965-7968, c) Kani, I.;
Bolat, S. Appl. Organomet. Chem. 2016, 30 (8), 713-721.
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Single-atom catalysts (SAC) represents a new frontier of heterogeneous catalysis in that it provides an
ideal platform for maximising metals atomic efficiency [1]. It also acts as a bridge between
homogeneous and heterogenous catalysis since SACs contain isolated active sites and are stable and
easy to separate. These atomically dispersed noble metals on supports shows improved catalytic
activity compared to conventional metal nanoparticles catalysts and they display high selectivity
towards valuable products [2]. However, the main obstacle to SACs is the stability of the single atoms
under preparation methods and reaction conditions as they are more prone to aggregation and
agglomeration into nanoparticles due to increased surface free energy. Therefore, their synthesis is a
challenging task. SACs based on Pd [3], Rh [4], Fe [5] and Pt [6] have been investigated and found to
display interesting activity in CO oxidation, methane steam reforming, selective hydrogenation of
alkynes and hydrosilylation reactions.
Platinum supported on zeolites have been widely used for hydrocracking of Fischer Tropsch wax.
Their mode of action in hydrocracking chemistry is a bifunctional mechanism that can be summed up
in three steps: 1) dehydrogenation of the paraffin into an olefinic species by the supported metal; 2)
protonation of the olefin to provide isomerization and cracking function by the zeolite and 3)
hydrogenation of the cracked ions into the corresponding paraffins by the supported metal [7]. In
general, Pt is supported on zeolites by metal impregnation and ion exchange. However, these methods
can lead to a non-homogenous distribution of metal species and poor catalytic activity. Inspired by the
reported increase in selectivity and activity of SACs in different reactions, the current study
investigates the preparation of single-platinum atoms on MFI zeolites for hydrocracking of Fischer
Tropsch wax. In our work, atomically dispersed Pt atoms on novel MFI zeolites were prepared by
one-pot zeolite synthesis under direct hydrothermal conditions with an aid of a co-templating
platinum complex.
In a typical synthesis, platinum complex [Pt(EtNH2)4]I2 was used as a structure directing agent for the
formation of zeolite and as Pt precursor for single-atoms. [Pt(EtNH2)4]I2 was prepared using K2[PtCl4]
in excess ethylamine solution and was characterised using FTIR and 1H, 13C NMR. The obtained PtMFI zeolites were characterised by X-ray diffraction (XRD), nitrogen adsorption analysis and TEM.
High-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) images
were obtained to verify that Pt was dispersed atomically on zeolite. The Pt-MFI zeolite catalysts of
various loading (0.1 -0.9 wt% of Pt) were then evaluated for hydrocracking of FT wax, and the
catalytic performance was compared to their nanoparticulated counterpart obtained via ion exchange
method.
[1] Chen, F; Jiang, X; Zhang, L; Lang, R and Qiao, B. Chinese Journal of Catalysis,2018, 5, 893-898.
[2] Ling, C; Shi, L; Ouyang, Y; Zeng, X.C and Wang, J. Nano Letters, 2017, 8, 5133-5139.
[3] Gao, G.P; Jiao, Y; Waclawik, E.R and Du, A.J. Journal of the American Chemical Society, 2016, 19, 6292-6297.
[4] Lang, R; Li, T.L; Matsumura, D; Miao, S; Cui, Y.T; Tan, Y; Qiao, B; Li, L and Wang, X. Angewandte Chemie International Edition,
2018, 55, 6054-6058.
[5] Guo, X; Fang, G; Li, G; Ma, H; Fan, H; Yu, L; Ma, C; Wu, X; Deng, D; Wei, M and Tan, D. Science, 2014, 344, 616-619.
[6] Dvorak, F; Camellone, M.F; Tovt, A; Tran, N.D; Negreiros, F.R; Vorokhta, M; Skala, T; M\antolinova, l; Myslivecek, J; Mantolin, V
and Fabris, S. Nature Communication, 2016, 7, 10801.
[7] Coonradt, H.L, and Garwood, W.E. Industrial Engineering Chemistry Process Design and Development, 1964, 3, 38-45.
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Hydroformylation, or oxo synthesis, that was discovered by the German scientist Otto Roelen in 1938,
is an important process for production of aldehydes. Aldehydes are useful intermediates in the
production of valuable products such as alcohols, carboxylic acids, amines, and diols. More recently,
hydroformylation is also widely applied in the fine chemicals and pharmaceutical industry for the
production of drugs, vitamins, herbicides and perfumes. Commercially, homogeneous Co or Rh
complexes are typicallyapplied at temperatures ranging from as low as 360 K up to 573 K. The
homogeneous character of industrial process configurations leads to inherent operational problems
such as difficulties in catalyst separation from products, expensive metal losses and corrosivity of
catalytic solutions. The successful implementation of an active and stable heterogeneous
hydroformylation catalyst would allow avoiding these drawbacks.[1] A Cobalt supported on reduced
graphene oxide catalyst was prepared for the hydroformylation of ethylene with sungas. The graphene
oxide was synthesized by a modified Hummer`s method. 20%Cobalt was loaded on graphene oxide
and reduced by hydrazine hydrate using a hydrothermal method. After calcination at 400 for 5 h,
the catalyst was characterized by SEM, H-TPR, XRD and TGA. The catalysis performance was tested
in a fixed bed reactor at 250 and 2 MPa with different compositions of feed gas. With the ratio of
hydrogen in the feed gas decreased, the selectivity of ethylene hydrogenation decreased and both the
selectivity and the productivity of propanol and propionaldehyde increased. At the same time, the
selectivity to propionaldehyde increased and the selectivity of propanal decreased.
[1] N. Navidi, J. W. Thybaut, and G. B. Marin.CHISA 2012 - 20th Int. Congr. Chem. Process Eng. PRES 2012 - 15th Conf. PRES, vol.
469, pp. 357–366, 2012.
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Developing suitable electrocatalysts for the oxygen evolution reaction (OER) in alkali media is
crucial for electrochemical energy conversion and storage, alkali fuel cells and metal air
batteries. Perovskite type materials can play a major role as electrocatalyst for both the oxygen
reduction reaction (ORR) and OER in these electrochemical devices. In this work we report on a
perovskite material that is stable and highly active for the OER in alkaline media.
(CSCNF1),
Ce0.8Sr0.2
Co0.3Ni0.2Fe0.5O3
(CSCNF2),
Ce0.8Sr0.2Co0.6Ni0.2Fe0.2O3-δ
Ce0.8Sr0.2Co0.2Ni0.1Fe0.7O3 (CSCNF3) perovskite oxide material with a lanthanide, in the form of
cerium (Ce) in the A site, and a varied composition of Co/Ni/Fe in the B site, were synthesized
by a typical sol-gel route. The crystal structure was examined using X-ray diffraction (XRD)
and the textural properties were examined using Fourier transform infrared spectroscopy
(FTIR). The morphology and microstructure were examined using scanning electron
microscopy (SEM) and high resolution transmission electron microscopy (HRTEM). From the
experiment, Ce0.8Sr0.2Co0.6Ni0.2Fe0.2O3-δ (CSCNF1) perovskite oxide material exhibited the
lowest Tafel slope of 122.2 mV dec-1, an intrinsic activity of 0.881 ± 0.044 mA cm-2 and a mass
activity of 6.796 ± 0.347 mA mg-1 as shown in Fig. 1. It also exhibited exceptional stability of
1.61 V (RHE), which is good for OER catalysts in 0.1 M KOH when compared with the
benchmark BSCF perovskite oxide and IrO2. This work has proven that
Ce0.8Sr0.2Co0.6Ni0.2Fe0.2O3-δ (CSCNF1) perovskite oxide can be a pristine, cost effective, and
high performance electrocatalyst for the OER in alkaline solution, while the composition and
simple approach in doping creates a practical way of enhancing oxygen evolution on perovskite
electrocatalysts.
Figure 1: Mass activity and specific activity of (a) CSCNF1, (b) CSCNF2, and (c) CSCNF3 perovskite
electrocatalyst calcined at 1000 °C for 10 hrs measured in 0.1 M KOH at 25 °C and 1600 rpm
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In the research of FTS, α-olefin products produced from the FT reaction may reabsorb on the catalyst
surface and undergo secondary reactions, which was considered as a reasonable explanation to describe
deviation from ideal ASF model. Co-feeding of certain low concentration of α-olefin to the FischerTropsch reaction system has been studied some years back to investigate reactivity of the olefins in the
Fischer-Tropsch reaction. Some important phenomena were observed and the conclusions were not
consistent due to the complexity of the Fischer-Tropsch reaction. This work tries to investigate one
aspect at a time in the complex system. Ethylene was chosen because of its symmetry and the C2 special
negative deviation from ASF model.
C2H4 was found not to react under the conditions applied when no other feed was introduced into the
reactor; while it reacts quickly when H2 was co-fed. The reaction temperature, when H2 was co-fed,
could be as low as 100oC and only products of C1 to C6 were found. These results suggest that C2H4 can
undertake several reaction pathways to form different products with hydrogen assistant. Another
interesting finding is the n-paraffins products formed from this experiments match the ASF model in
both hydrogen and ethylene excessive condition at relatively high temperature, as figure 1 shown,
although there is no ASF products distribution for the total products. The results implied the chain
growth monomers (C1 species) could form without CO participated in.
The products distribution is quite different when both C2H4 and syngas are fed and this leads to the
understanding of the reaction mechanisms for the Fischer-Tropsch Synthesis. In addition, there are
some oxygenates formed by the condition co-fed C2H4, especially propanal and propanol. These
products indicated there is hydroformylation happened in this reaction condition. Since not as much as
propanal and propanol in normal FTS, we assumed there are several categories reactions can occur on
typical FTS conditions followed in the CO insertion mechanism, which differs from carbide mechanism
on supported Co-based catalysts. Those reactions are obviously in a competitive state and generate
different kinds of products.
Figure 1: n-paraffine distribution from ethylene reacted with H2 (left: H2 excessive; right: C2H4 excessive).
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A comparison of the use of the Weisz-Prater criterion to the experimental
measurement of the internal effectiveness factor under low-temperature
water-gas shift conditions.
Dawid Kruger, Stephan Roberts, Jack Fletcher
Department of Chemical Engineering, University of Cape Town, Private Bag X3, Cape Town, 7701, South Africa, E-mail:
krgdaw001@uct.ac.za.

Keywords: catalyst testing, mass transfer limitations, heterogenous catalysis, water-gas shift, copper.

During catalyst development, laboratory performance testing of catalyst variants provides
indispensable comparative performance data. True kinetic behaviour and the selectivity of a catalytic
reaction system, invariably, are among the key parameters determining the performance of a catalyst.
The intrinsic kinetic behaviour of a catalytic reaction system, however, can be disguised by rate
limiting phenomena and must thus be avoided as much as possible such that meaningful performance
comparisons of different catalysts can be made.
Many different phenomena may affect the observed reaction rate. They can be roughly categorised
into fluidic effects, heat transfer effects and mass transfer effects. Mass transfer and heat transfer is
often considered separately in the inter-particle (often regarded in the context of radial, axial and film
diffusion) and intra-particle regions. Many criteria have been developed to gauge the significance of
the effect of rate-limiting phenomena on catalytic reactions. These criteria are mostly developed from
theoretical systems which are greatly simplified to be solvable, general and broadly applicable. Their
use requires the measurement or estimation of various parameters. Experimental measurements of
these parameters are not always straight forward or may require more time and effort than is feasible
in comparative, high-throughput catalyst testing. Estimation of required parameters on the other hand
are much easier but are prone to inaccuracies.
Perhaps the most widely acknowledged of the potentially rate-limiting effects is intra-particle (or
internal) diffusion. A commonly used criterion for the observed absence of internal diffusion
limitations stems from the pioneering work of Weisz and Prater [1]. Critically, the criterion makes use
of the assumption of a simple particle geometry and an effective diffusivity coefficient. The variance
in the size and shape of catalyst particles used in laboratory testing can be large (compared to the
sensitivity required in calculations of criteria). The effective diffusivity coefficient is used to lump
various factors that affect diffusion rates in the particle interior. Its estimation requires knowledge of
the pore sizes of the catalyst particle which in most cases spans orders of magnitude. It is thus unclear
what level of detail is required for sufficient accuracy in characterising the extent of internal mass
transfer limitations in a heterogenous catalytic system.
Here, a comparison between the estimation and the measurement of effectiveness factors is made.
Specifically, the comparison is made between the use of the widely used Weisz-Prater criterion and a
well-known experimental test (where the catalyst particle size is varied under the same space
velocity). The comparison is made using a commercial copper-based low-temperature water-gas shift
catalyst under industrially relevant reaction conditions.
[1] Weisz, P.B. and Prater, C.D., 1954. Interpretation of measurements in experimental catalysis. Advances in Catalysis (Vol. 6, pp. 143196). Academic Press..
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Ever since graphene was first observed in 2004 [1], its large surface area, excellent mechanical
strength, high electrical conductivity and outstanding optical and thermal properties have intrigued
scientists and have opened up new areas of exploration. Graphene and graphene-based nanomaterials
have witnessed a very fast development of both fundamental and practical aspects in catalysis in the
last two decades. Given its large specific surface area, two-dimensional structure, facile decoration
and high adsorption capacity, numerous graphene-based nanomaterials with unprecedented
characteristics have been designed, prepared and applied in catalysis. This presentation reviews the
synthesis techniques and main properties of graphene-based nanomaterials. Some of its applications in
energy conversion, environmental protection and related fields are also presented. Finally, we discuss
challenges and opportunities for the future development of graphene-based nanomaterials in
sustainable catalysis. This presentation will provide key information to the catalysis community to
design and fabricate graphene-based novel materials with great performance.
[1] Novoselov, K. S.; Geim, A. K.; Morozov, S. V.; Jiang, D.; Zhang, Y.; Dubonos, S. V.; Grigorieva, I. V.; Firsov, A. A. Science, 2004,
306, 123-456
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Manganese promoted cobalt-based Fischer-Tropsch catalysts have been well-reported in literature
with the electronic and chemical nature of the interaction between manganese and bulk cobalt leading
to improved selectivity towards methane and longer hydrocarbons.[1], [2]. Literature has also shown
Ti addition to cobalt catalyst supports to be beneficial for catalyst performance at high water partial
pressures. [3]
This work examines the link between Mn as a single promoter added to alumina support, versus Mn
added in addition to Ti. On its own, Mn promoter shifted the carbon distribution towards light
hydrocarbons and olefins (Co/Mn-aluminas, Figure 1). For a series of Co/Mn-Ti/aluminas, the effect
of pore diameter of the support material as well as location of Ti (co-hydrolysed with alumina to form
shaped Ti-alumina material or impregnated onto the alumina support) was investigated. For smallpore alumina the Mn loading and preparation methodology was optimised to produce a catalyst with
high hydrothermal stability and selectivity towards C5+ hydrocarbons.
Figure 1: Effect of manganese loading on carbon number distribution for Co/Mn-alumina catalysts.
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[1] Morales, F; Grandjean, D.; Mens, A.; De Groot, F.M.F.; Weckhuysen, B.M.;. J. Phys. Chem. B, 2006, 110, 8626-8639.
[2] Zhao, Y.; Feltes, T.E.; Regalbuto, J.R.; Meyer, R.J.; Klie, R.F.; Catal. Lett., 2011, 141, 641-648.
[3] Storsæter, S,; Borg, Ø. ; Blekkan, E.A.; Holmen, A.; Journal of Catalysis, 231, 2005, 405–419.
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Hydrogen production via ammonia reforming/decomposition is an attractive prospect for off-grid fuel
cell applications [1]. Ammonia in the liquid state supports a hydrogen density of 108.5 kg/m3 at 20°C
and 8.57 bara, and allows easy transportation to on-site locations [2]. The endothermic nature of the
decomposition reaction however makes it dependant on a constant heat source. Thermal coupling
between chemical reactions is well known and an effective process to convey heat to endothermic
reactions [3]. This work investigated ammonia as oxidation fuel, thereby simplifying fuel transportation
in real-world scenarios. A catalytic plate reactor employing microchannels was used in this work as
enhanced heat transfer improves the thermal coupling effect between reactions [4]. In addition, good
mass transfer allows for process intensification and ultimately more compact reactor assemblies [5].
Catalytic plates (SS310) with microchannels engraved on both sides of each plate were used.
Microchannels were washcoated with 8.5 wt.% Ru/Al2O3 and 5 wt.% Pt/Al2O3 commercial catalyst for
decomposition and oxidation sides, respectively [6]. These plates were stacked face-to-face as to create
an alternate arrangement of decomposition and oxidation layers. This arrangement ensured effective
heat transfer between the decomposition and oxidation reactions. The reactor performance was
investigated for various operating parameters i.e. ammonia decomposition flow rate, combustion flow
rate (oxy-fuel) and combustion fuel equivalence ratio. An optimal operating point was identified
(ammonia decomposition flow rate of 6.0 NLPM, total combustion flow rate of 4.0 NLPM and fuel
equivalence ratio of 1.4) to provide an ammonia conversion of 99.8% towards hydrogen production. A
high reactor efficiency (75.9%) and H2 production rate (0.71 kWe H2 equivalent fuel cell electric output)
was attained at these operating conditions. Overall, the work reported successfully demonstrated the
feasibility of ammonia decomposition for hydrogen production using an autothermal reactor design
approach. These results provide a base for future work on ammonia-fuelled microchannel reactors with
capacity in the multi kW-range.
[1] Klerke, A, Christensen, CH, Nørskov, JK and Vegge, T. Journal of Material Chemistry, 2008, 18, 2304–2310.
[2] Linde Group. 2017. http://www.linde-gas.ro/internet.lg.lg.rou/ro/images/R71754_138674.pdf?v=2.0
[3] Gavriilidis, A., Zanfir, M. Chemical Engineering Science, 2001, 56, 2671–2683.
[4] Men, Y, Kolb, G, Zapf, R, Hessel, V and Lowe, H. Catalysis Today, 2007, 125, 81-87.
[5] Holladay, JD, Wang, Y and Jones, E. Chemical Reviews, 2004, 104, 4767-4789.
[6] Engelbrecht, N and Bessarabov, DG. Journal of Power Sources, 2018, 386, 47-55.
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Hydroformylation is one of the most promising catalytic syntheses of amines in terms of atom-efficiency,
selectivity, and applicability. Its tandem type of reaction consists of, initial olefin isomerization followed
by hydroformylation and reductive amination (Figure 1) [1]. The key to a successful
hydroaminomethylation is the use of suitable ligands in the presence of an active catalyst.
Figure 1: Selective hydroaminomethylation of internal olefins (R1= alkyl; R2, R3 = H, alkyl) [1].

In this study, a general catalytic system for hydroaminomethylation reactions of post-metathesis internal
Olefins (e.g. 7-Tetradecene), have been examined. The aim is to add high value to a select range of low
value α-olefins by functionalizing these hydrocarbons to produce a Guerbet type of surfactants. Rhodium
and Ruthenium based catalyst systems have been investigated with regard to their efficiency and
regioselectivity towards hydroaminomethylation of 7-Tetradecene (Figure 2).
Figure 2: Hydroaminomethylation of 7-Tetradecene.

[1] A. Seayad, M. Ahmed, H. Klein, R. Jackstell, T. Gross, M. Beller. Science, 2002, 297, 1676-1678.
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Previous computational investigation of alkane oxidation reaction mechanism using non-heme Fe(II)
complexes have assumed based on experimental evidence obtained from UV and Mass spectroscopy that
the active oxidizing species is HO-LFeV=O, which is obtained from the reaction of Fe(II) complexes with
hydrogen peroxide (H2O2) in the presence of acetonitrile. Hence, most if not all of these investigations
have focused on the reaction mechanism starting from this active species as a means of deducing the
mechanism of these oxidation reactions. In addition, the relative reactivity of the various Fe(II) catalysts
have been rationalized based on these mechanisms. There has been no computational investigation of the
processes leading to the formation of this oxidant (HO-LFeV=O) which might vary in energetic
requirements for various Fe(II) catalysts thus contributing to the relative activity observed for these
catalysts. Hence this work describes a computational investigation of the formation of this active species
for the following alkane oxidation catalysts; Fe(bpmen)Otf2, Fe(bpmcn)Otf2, Fe(pdp)Otf2 and
Fe(pytacn)Otf2 with the ultimate aim of understanding the energetic differences and similarities in the
route taken by each of the catalyst investigated. Specifically, we investigate the first step of this process
which involves the spontaneous replacement of a triflate ligand bound to the Fe(II) complexes with
acetonitrile solvent molecule. Our results indicated clearly that the energy required to replace a triflate
ligand varies among these catalysts; this suggests that relative activity of these catalysts might be affected
by this seemingly inconsequential solvation step.
Figure 1. Reaction Profile of Triflate ligand exchange by acetonitrile for Fe(pdp)Otf2

TS
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[1] I. Prat, J. S. Mathieson, M. Güell, X. Ribas, J. M. Luis, L. Cronin and M. Costas, Nat. Chem., 2011, 3, 788-793.
[2] V. Postils, A. Company, M. Sola, M. Costas and J.M. Luis, Inorg. Chem. 2015, 54, 8223-8236
[3] L. Que and W.B. Tolman, Nature 2008, 455, 333-340
[4] M. Puri and L. Que, Acc. Chem. Res. 2015, 48(8), 2443-2452
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Research in the integration of intermittent renewable energy (RE) sources with low-temperature
polymer electrolyte membrane (PEM) water electrolysis is conducted at the HySA Infrastructure
Centre of Competence (CoC) at the North-West University’s Potchefstroom campus. Interest in
hydrogen produced from RE is predicted to become a global market and trends are already moving in
this direction with Japan, South Korea, China to name a few showing interest in importing CO2 free
hydrogen from solar resource rich countries [1]. The storage and transport of hydrogen across land
and now also see is a requirement with considerable market potential globally [2]. HySA
Infrastructure CoC have expanded their research and also their available infrastructure to include
liquid organic hydrogen carrier (LOHC) process development, catalyst development, supply chain
development and technology demonstration. The HySA Infrastructure CoC facilities have expanded
their infrastructure and now includes a 50 kW PV system used for hydrogen production at ~9 kg/day
using PEM electrolysis. Further LOHC for transport and storage has been introduced with total
hydrogenation capacity of 5 Nm3/hour from the renewable hydrogen infrastructure. The locally
hydrogenated LOHC feeds several experimental de-hydrogenation reactors used for research and
demonstration purposes and also supplies the development of LOHC in the mining industry. The cost
of electrolytically produced hydrogen is predominantly dependent on the cost of electricity and also
on the availability of hydrogen. Hydrogen from PV can already be produced at a cost of below 4 $/kg
[3], comparing well with the required Japanese price of 30 ¥/Nm3 (3 $/kg, 38 R/kg) delivered
hydrogen [4]. Improving capacity and getting average cost of energy down to 30 $/MWh is required.
This will be achieved through further developments and through adding value through utilising
electrolysis for grid stabilisation [3]. The purpose of HySA Infrastructure CoC PV-electrolysis
research is to improve system efficiency and operational parameters and the development of
demonstrations systems and facilities for commercialisation advancement of renewable hydrogen
production, storage and transport: for local and export markets. Current HySA Infrastructure CoC
developments includes 5 Nm3/hour de-hydrogenation demonstration system and a state-of-the-art
global first mining demonstration site and ventilation testing facility for the development and testing
of hydrogen fuel cell based technologies for the underground mining environment.
[1] Lundin, M., Eriksson, S. (2016). Hydrogen Technology Market in Japan. EU-Japan Centre. Available at:
https://www.eubusinessinjapan.eu/sites/default/files/hydrogen_technology _market_in_japan.pdf.
[2] MAREX, (2018), “Australia, Japan developing hydrogen export industry”, The Maritime Executive, URL: https://www.maritimeexecutive.com/article/australia-japan-developing-hydrogen-export-industry?fb_ref=566C%3DueAeh-Linkedin
[3] C. Philibert, (2017b), “Renewable Energy for Industry: From green energy to green materials and fuels”, International Energy Agency,
Insights Series.
[4] Muraki, S. (2017). R&D on Hydrogen and Energy Carriers in Japan. Government of Japan. Available at: injapan.no/wpcontent/uploads/2017/02/3-SIP-Energy-Carriers.pdf.
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CO2 is known to be one of the major greenhouse gases and there is a gradual increase in
atmospheric CO2 concentrations [1]. There is also a growing need for alternative energy
resources worldwide [1]. CO2 hydrogenation is a potential route for the utilisation of CO2 and
the production of alternative energy carriers, for example, methanol [1]. According to
thermodynamic calculations, at low temperatures and high pressures high CO2 conversions to
methanol can be achieved. Therefore, it is of great interest that a catalyst that is stable and
selective to methanol under such conditions is developed.
It has recently been discovered that Ni-Ga bimetallic components show great potential for the
hydrogenation of CO2 to methanol; displaying high activity and selectivity [2]. Nevertheless,
these catalysts were reported to be susceptible to deactivation as they showed decrease in
activity with time on stream [3]. The type of deactivation occurring is still contentious, with
coking, sintering and phase transformation as the suggested possible mechanisms [3].
The present work presents the in-situ XRD study on the oxidation of Ni-Ga alloys under
various gas environments. The catalysts were prepared by co-precipitation, activated in H2
and then evaluated for the oxidation study using the in-situ XRD under different gas
environments in the temperature range of 50 - 450 °C.
Findings on this study indicate that Ni5Ga3, which was reported to be the most active phase
[2] [3], is oxidised in CO2 at elevated temperatures. This phase is essentially modified into a
less active Ni-Ga phase, which may explain the decrease in activity with time on stream.
Parallel to the formation of this new Ni-Ga phase, NiO diffraction patterns were also
observed. An explanation that is postulated for the formation of this less active phase is that;
gallium is oxidised or carburised into some phase, which results into a more nickel rich phase
being formed. It is therefore concluded/suggested that phase transformation of the Ni-Ga
catalyst from oxidation is one of the deactivation mechanisms that occur during the methanol
synthesis.
[1] Li, C., Yuan, X and Fujimoto, K. Applied Catalysis A. 2014, 469, 306-311.
[2] Studt, F. et al. Nature Chemistry. 2014, 6, 320-324.
[3] Sharafutdinov et al. Journal of Catalysis 2014, 320, 77-88.
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Perovskites are oxide minerals with structures that resemble the structure of CaTiO3. These materials
consist of two metal cations and an oxygen [1, 2]. Perovskites have advantages such as flexibility of the
physio-chemical and catalytic properties [3, 4]. Herein, we report on the synthesis of well-defined
perovskites of LaMO3 (M= Co, Mn, or Fe) using the nanocasting technique for use in heterogenous
catalysis. We aim to synthesize mesoporous hard-template KIT-6 (typical silica material) using the softtemplate method and the use of deposition-precipitation method to immobilize highly selective
palladium nanoparticles (Pd NPs) on perovskites. The organo-thiol adsorption-based technique was
used for the determination of specific surface areas of the catalysts. The catalytic evaluation of the assynthesized perovskites and Pd/perovskites as heterogeneous catalysts was done with hydrogenation of
cinnamaldehyde. We postulate selective adsorption of the substrate on the catalysts based on the high
selectivity observed towards hydro-cinnamaldehyde.
Figure 1: Crystal structure of perovskite, adsorption modes of cinnamaldehyde on metallic surfaces of perovskites
and reaction scheme for hydrogenation of cinnamaldehyde.

[1] Voorhoeve, RJH; Johnson, DW; Remeika, JP & Gallagher, PK. Science, 1977, 195, 827-833.
[2] Brittman, S; Adhyaksa, GWP and Garnett, EC. MRS communications, 2015, 5, 7-26.
[3] Suntivich, J; Gasteiger, HA; Yabuuchi, N; Nakanishi, H; Goodenough, JB and Shao-Horn, Y. Nature Chemistry, 2011, 3, 546.
[4] Matsumoto, Y; Yoneyama, H and Tamura, H. Journal of Electroanalytical Chemistry, 1977, 83, 237-243.
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The rising demand for light olefins has led to an increased interest in the catalytic conversion of short
chain paraffins (C2-C4 paraffins) via the oxidative dehydrogenation (ODH) reaction. Ethane is the
second largest component of natural gas (5-15 wt.%) and is at present mainly converted via thermal
dehydrogenation at elevated temperatures of up to 900 °C. At these high temperatures, several
disadvantages could be identified, such as uncontrollable side reactions and catalyst deactivation via
coking.[1, 2] Oxidative dehydrogenation utilizing O2 as the oxidant significantly reduces reaction
temperature, however heat removal and limiting the over oxidation of the alkane to CO2 is often
challenging. The use of CO2 as a soft oxidant has been shown to prevent over oxidation and yet reduced
reaction temperatures and increased the production towards olefins.[3]
CO2-ODH catalyst systems need to be able to activate CO2, producing surface oxygen, preserve the CC bond while selectively breaking the C-H bond to yield ethylene. Molybdenum carbides have been
shown to be highly active for CO2 activation and are thus potential catalysts for CO2-ODH.[1]
Previously, the use of SiO2 supported Mo2C exhibited promising catalytic performance with high ethane
conversion (15-16%) and high ethylene selectivity (80-87%).[4] In comparison, bulk Mo2C was not as
active (3% ethane conversion) and selective to ethylene (40%). In other attempts using supported Mo2C
as a catalyst for CO2-ODH the materials were shown to be active and selective towards ethylene,
however, a decent stability of the catalyst was lacking.[1, 5, 6]
This project investigates the use of supported Mo2C catalysts in the ODH reaction of ethane using CO2
as a soft oxidant. The catalysts were prepared on SiO2 and γ-Al2O3 as support materials via an
impregnation method and on SiO2 via a Sol-Gel approach. The catalysts are tested in a fixed bed reactor
at atmospheric pressure, varying temperature and
space velocity, using a reactant gas composition of
1:1 (CO2:C2H6).
An in-situ prepared Mo2C on SiO2 or Al2O3
support, exposed to typical ODH conditions,
showed slightly higher C2H6 conversion (up to
17.5%) than CO2 conversion (up to 12.5%), over a
range of temperatures between 550-750 °C. This
could indicate that the reaction mechanism is
dominated by ODH of ethane and not by the
competing dry reforming reaction (C2H6 + 2CO2
→ 4CO + 3H2). This is supported by an ethylene
to CO ratio of about 1 (see figure 1). Specifically,
the Al2O3 supported catalyst indicates a change of
reaction mechanism at 750 °C due to the sudden
drop in ethylene to CO ratio.
[1] S. Yao, B. Yan, Z. Jiang, Z. Liu, Q. Wu, J. H. Lee, and J. G. Chen, ACS Catalysis, 2018, 8, 6, 5374-5381.
[2] K. Nakagawa, C. Kajita, K. Okumura, N.-o. Ikenaga, M. Nishitani-Gamo, T. Ando, T. Kobayashi, and T. Suzuki, Journal of Catalysis,
2001, 203, 1, 87-93.
[3] S. Kawi and Y. Kathiraser, Frontiers in Energy Research, 2015, 3,
[4] F. Solymosi and R. Nemeth, Catalysis Letters, 1999, 62, 197-200.
[5] F. Solymosi, R. Németh, and A. Oszkó, Natural Gas Conversion Vi(Studies in Surface Science and Catalysis, 2001, pp. 339-344.
[6] M. D. Porosoff, M. N. Myint, S. Kattel, Z. Xie, E. Gomez, P. Liu, and J. G. Chen, Angewandte Chemie, 2015, 54, 51, 15501-15505.
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Co3O4 nanoparticles (NP’s) as catalysts for the Preferential Oxidation of CO (CO-PrOx) in H2-rich
gases have gained increasing research interest since they can potentially replace the widely used
expensive noble metal catalysts. However, Co3O4 NP’s suffer from deactivation via reduction at high
reaction temperatures (> 200 °C) because of the relative abundance of H2 (40 - 75 vol.-%) in the COPrOx feed [1]. The study to be presented aimed at firstly performing two different syntheses [2] for
obtaining Al2O3-supported Co3O4 NP’s in order to alter the NP-support interactions. The other
objective was to then investigate how altering the NP-support interaction affects the catalytic
performance and phase stability of Co3O4 during dry CO-PrOx (i.e., 1%CO, 1%O2, 50%H2 in N2).
The phase stability was followed using two techniques – quasi in situ XPS and synchroton-based in
situ XAS [Diamond Light Source, Beamline B18, Session SP16006-1]. Figure 1 below summarises
the in situ characterisation and kinetic results obtained for CAT 1 (10 wt.-% Co3O4/Al2O3). Below
175 °C, the catalyst exists as Co3O4 and mainly produces the targeted product CO2. Above 175 °C,
CO2 formation begins to decrease and XAS indicates the partial reduction of Co3O4 to the less active
CoO phase. Increasing the reaction temperature above 250 °C produces undesired CH4, which
coincided with the formation of metallic Co. CAT 2 (6 wt.-% Co3O4/Al2O3) showed higher resistance
to reduction and formed less CH4. However, the strong NP-support interaction in CAT 2 made it less
active compared to CAT 1. The XPS results also showed similar reduction patterns for the two
catalysts as seen during the XAS experiments.
Figure 1: (left) Recorded X-ray absorption spectra for CAT 1 and reference spectra for Co3O4, CoO and Co foil.
(right) Gas outlet flows measured as a function of temperature during dry CO-PrOx.

[1] Nyathi, T. M.; Fischer, N.; York, A. P. E.; Claeys, M. Faraday Discussions, 2017, 197, 269-285.
[2] Fischer, N., Minnermann, M.; Bauemer, M.; van Steen, E.; Claeys, M. Catalysis Letters, 2012, 142, 830-837.
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A manganese-doped nickel cobaltite spinel oxide is a promising non-platinum group metal
electrocatalyst employable for oxygen reduction in alkaline fuel cells. Electrocatalysts for the oxygen
reduction reaction (ORR) with high activity and stability comparable to Pt/C are needed for fuel cell
commercialization [1]. Herein, we report the synthesis of Mn0.5Ni0.5Co2O4/N-CNS ORR
electrocatalyst which consists of Mn0.5Ni0.5Co2O4 crosslinked with nitrogen-doped nanosheets using a
NaCl-template method and glucose as the carbon source [2]. The prepared electrocatalyst showed an
outstanding electrocatalytic activity towards oxygen reduction in an aqueous alkaline medium.
Various characterization techniques including TEM and SEM confirmed the successful incorporation
of Mn leading to the formation of Co−Mn (Ni)−O mesoporous solid. FTIR, Raman spectroscopy,
XRD, TGA, BET and XPS were used to reveal the redox activity of Co3+ to Co4+, Ni2+ to Ni4+ and
Mn2+ to Mn3+. These redox systems are crucial for ORR performance when coupled with the number
of oxygen vacant sites within the lattice and large surface area [3]. Upon electrochemical
characterisation, the Mn0.5Ni0.5Co2O4/N-CNS exhibited enhanced oxygen reduction with a more
positive onset potential and a high current density relative to its counterpart pure MnCo2O4. Most
importantly, the Mn0.5Ni0.5Co2O4/N-CNS electrocatalyst showed superior poisoning tolerance levels
relative to a Pt/C electrocatalyst. Thus, the NaCl-template method can be used to give a high degree of
spinel oxide crystallinity having idealistic cationic stoichiometric ratios of Mn, Ni and Co, thus
helping in structural veracity coupled with high catalytic and electrical conductivity properties.
[1] Tong, X; Chen, S; Guo, C; Xia, X and Guo, X, Y. ACS Appl. Mater. Interfaces, 2016, 8, 28274–28282.
[2] Zhao, Q; Yan, Z; Chen, C and Chen J. Chem. Rev, 2017, 117, 10121–10211.
[3] Zhang, Z; Lim, S.H; Li B; Wang, X and Liu Z. Chem. Rev, 2014, 13, 4–11.
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The use of hydrogen as an alternative to fossil fuels has been extensively studied [1]. Hydrogen has
the potential to be a lightweight fuel which is clean, reliable, and provides an affordable energy
supply to meet the growing global energy demand. The production of hydrogen from water is
therefore an area of interest where water is converted to hydrogen using alkaline, neutral or proton
exchange membrane (PEM) based electrolyser technologies [1]. Currently, PEM electrolyser
technology is not feasible on a large scale due to the use of expensive noble metal-based
electrocatalysts (e.g. IrO2, RuO2, Pt).
At the anode electrode in particular, where the oxygen evolution reaction (OER) takes place, the
development of electrocatalysts which contain a relatively low noble metal content is a topic of great
interest. In order to improve catalyst utility, non-noble supports can be used to enhance the dispersion
of the noble metal catalysts leading to a greater activity compared to their unsupported counterparts
[2]. An example of a well-studied support is tin oxide (SnO2) which is a wide band gap, n-type
semiconductor. The electrical conductivity of this oxide can be enhanced through the incorporation of
a dopant. Doping of these supports with different ions has been shown to increase the conductivity of
the catalyst as is the case with fluorine doped tin oxide (FTO) [3].
The study of the suitability of FTO as a support for OER catalyst nanoparticles is the aim of the
current study. FTO is typically synthesised via spray pyrolysis, vapour deposition, sputtering,
chemical deposition or a sol-gel method. These techniques typically lead to a low fluorine content and
majority of reported procedures utilize the hazardous hydrofluoric acid (HF) as the source of fluorine
[3]. This study aims to avoid these hazardous chemicals through the use of the inorganic fluoride
complex of Sn2+, KSnF3, in the production of FTO powder with various ratios of fluorine. The FTO
powder was subsequently used as a support in the production of iridium-based nanoparticles through
organometallic chemical deposition (OMCD). All samples were characterised by both physical and
electrochemical techniques. The electrochemical activity and durability of the FTO supported catalyst
nanoparticles were tested by cyclic voltammetry, chronoamperometry and electrochemical impedance
spectroscopy.
[1] Datta, M; Kadakia, K; Velikokhatnyi, O; Jampani, P; Chung, S; Poston, J; Manivannane, A and Kumta, P. J. Mater. Chem. A, 2013, 1,
4026-4037.
[2] Fabbri, E; Habereder, A; Waltar, K; Kötz, R and Schmidt, Catal. Sci. Technol., 2014, 4, 3800-3821.
[3] Kumar, V; Govind, A and Nagarajan, R. Inorg. Chem., 2011, 50, 5637–5645.
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A major disadvantage associated with the use of iron-based catalysts in Fischer-Tropsch synthesis
(FTS) is its high deactivation rate [1, 2]. Iron carbides are generally accepted as the active phase for
FTS, with Hägg carbide being the most active, and magnetite is regarded as inactive [3]. Apart from
the hydrocarbons and oxygenates formed during FTS, one of the main by-products is water; which
has been shown to have a significant influence on phase composition and catalyst stability [1, 4].
Several studies have shown the presence of water to cause oxidation of the iron carbide phase to
magnetite [2, 4], resulting in severe catalyst deactivation [1, 3].
The purpose of this study was to investigate the effect of water addition and removal on activity,
selectivity and phase composition of an unpromoted iron catalyst and a potassium promoted ironbased catalyst. Various FTS conversion levels were simulated by co-feeding water vapour to the
reaction mixture and the response of the catalysts to these conditions was monitored using the UCT
developed in-situ magnetometer [5]. Figure 1 shows that compared to the unpromoted catalyst, the
promoted catalyst required a higher partial pressure of water to initiate oxidation (increase in
magnetisation) and to achieve complete oxidation to the magnetite phase. Upon the removal of water,
both catalysts re-carburized (decrease in magnetisation) and achieved a higher activity than observed
under the initial base case condition. An increase in Hägg carbide purity after re-carburization
compared to after activation was confirmed by Mössbauer spectroscopy. Furthermore, a comparison
of the experimental oxidation data to thermodynamic predictions was made.

Figure 1: Change in magnetization as a function of water partial pressure for an unpromoted (red circles) and a
potassium promoted (grey circles) iron catalyst, with magnetization for pure magnetite (black dashed line).
Table 1: Hägg carbide phase in the activated and used catalysts as determined by Mössbauer spectroscopy.

Activated
Used

Hägg carbide present (%):
Unpromoted
Promoted
62
76
60
79

[1] de Smit, E and Weckhuysen, B.M., Chem. Soc. Rev., 2008, 37 (12), 2758–2781.
[2] Jahangiri, H., Bennett, J., Mahjoubi, P., Wilson, K., & Gu, S., Catal. Sci. Technol., 2014, 4 (8), 2210–2229.
[3] Bartholomew, C. H., Appl. Catal., A, 2001, 212, 17–60.
[4] Espinoza, R. L., Steynberg, A. P., Jager, B. and Vosloo, A. C., Appl. Catal., A, 1999, 186, 13–26.
[5] Claeys, M., van Steen, E., Visagie, J., van de Loosdrecht, J., A Magnetometer, WO2010/004419 A2, University of Cape Town, 2010.
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The development of low-carbon technologies to mitigate global and regional climate changes linked
to carbon dioxide emissions is a universal goal. Currently, the global atmospheric CO2 concentration
is estimated to exceed 400 ppm as compared to 280 ppm in the 18th century and this increase in
atmospheric CO2 concentration has been associated with global warming.[1],[2] The valorisation of CO2
as a non-toxic alternative one-carbon(C1) synthon versus carbon monoxide and phosgene for the
synthesis of organic chemicals and fuels is under research.[3],[4] Carbon dioxide is thermodynamically
stable and often harsh reaction conditions for its transformation to useful chemicals are typically
required.[3]-[5] Various homogeneous catalysts containing PGMs have been studied to catalyse the
hydrogenation of CO2 to afford formic acid or methanol as products. Amongst these transition metals,
ruthenium and iridium have been reported to afford maximum turnover numbers of CO2
hydrogenation under mild catalytic conditions.[6]-[10] Herein, we report the synthesis and
characterization of Ru(II), Os(II), Ir(III) and Rh(III) half-sandwich complexes and a preliminary
catalysis study on CO2 hydrogenation using the Ru(II) arene complex (Scheme 1).

Scheme 1: Catalytic transformation of carbon dioxide by Ru(II) half-sandwich complex to form formate.
1] Tollefson, J. Nature, 2009, 462, 966-967.
2] National Oceanic & Atmospheric Administration – Earth System Research Laboratory, Global Monitoring Division. Trends in
Atmospheric Carbon Dioxide, 2018, https://www.esrl.noaa.gov/gmd/ccgg/trends/global.html#global (accessed September 2018)
3] Aresta, M.; Dibenedetto A. and Angelini, A. Chem. Rev., 2014, 114, 1709–1742.
4] Ganesh, L. Renew. Sustain. Energy Rev., 2014, 31, 221–257.
5] Leitner, W. Coord. Chem. Rev., 1996, 153, 257–284.
6] Himeda, Y.; Onozawa-Komatsuzaki, N.; Sugihara, H. and Kasuga, K. Organometallics., 2007, 26, 702–712.
7] Tanaka, R.; Yamashita, M. and Nozaki, K. J. Am. Chem. Soc., 2009, 131, 14168–14169.
8] Lilio, A. M.; Reineke, M. H.; Moore, C. E.; Rheingold, A. L.; Takase, M. K. and Kubiak, C. P. J. Am. Chem. Soc. 2015, 137,
8251−8260.
9] Anaby, A.; Feller, M.; Ben-David, Y.; Leitus, G.; Diskin-Posner, Y.; Shimon, L. J. W. and Milstein, D. J. Am. Chem. Soc., 2016, 138,
9941−9950.
10] Kothandaraman, J.; Goeppert, A.; Czaun, M. and Olah. G. A. J. Am. Chem. Soc., 2016, 138, 778–781.

81

PP 12

Synthesis and characterization of Pd(II) and Pt(II) complexes as catalyst
precursors for furfural hydrogenation
Pamela. S. Moyoa, Leah. C. Matsinha, Banothile. C. E. Makhubela
aDepartment

of Chemistry, University of Johannesburg, Auckland Park Kingsway Campus, Auckland Park 2006, South
Africa, Email: suzzanamoyo@gmail.com.

Keywords: Homogenous, palladium, platinum, furfural hydrogenation, furfuryl alcohol.

Pd-based and Pt-based catalysts are becoming increasingly popular as superior catalysts in
hydrogenation of furfural. [1-4] The majority of the reported catalyst systems are
heterogeneous in nature which exhibit low selectivity for the desired products and require
high pressure and temperature operating conditions.[5] To the best of our knowledge no
literature has been reported on the use of homogeneous Pt-based catalysts for hydrogenation
of furfural. In this work, Pd(II) and Pt(II) complexes have been synthesised and
characterized. These complexes were evaluated as catalyst precursors in the hydrogenation of
furfural. We present the results of the activity of these complexes in hydrogenation of furfural
(FF) to furfuryl alcohol (FA) and tetrahydrofurfuryl alcohol (THFA) under mild conditions
(Figure 1). One of the complexes demonstrated significant catalytic performance and
reusability. In situ NMR studies were performed and culminated in the proposition of
plausible reaction mechanism of the reaction.

Figure 1: Hydrogenation of furfural to furfuryl alcohol using Pt(II) and Pd(II) complexes.

[1] S. Nishimura, N. Ikeda and K. Ebitani, Catalysis Today, 2014, 232, 89–98.
[2] A. O’Driscoll, J. Leahy and T. Curtin, Catal. Today., 2017, 279, 194–201.
[3] M. Hronec and K. Fulajtarová, Catal. Commun., 2012, 24, 100–104.
[4] S. Bhogeswararao and D. Srinivas, J. Catal., 2015, 327, 65–77.
[5] J. P. Tessonnier, A. Villa, O. Majoulet and R. Su, Dang Sheng, Angewandte Chemie International Edition, 2009, 48, 6543–6546.
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The use of pure iron(carbides) in the Fischer-Tropsch synthesis (FTS) leads to low syngas
conversion and high amounts of light hydrocarbons (C1 to C5). Promoters are commonly used in
Fe-based catalysts to enhance both selectivity and activity.[1] Potassium suppresses the
production of methane and improves the effective hydrocarbon selectivity via electron donation
to the active iron phases. Even though potassium is a potent promoter, at higher temperatures it
can migrate to cooler temperatures at the centre of the catalyst particles, deactivating the outer
layer due to promoter deficiency.[2] The inner section of the catalyst is in turn deactivated due to
excess promoter and subsequent excessive carbon deposition. The exact potassium speciation
under reaction conditions is still under debate. This present study investigates the possibility of
supplying the promoting activity in a well-defined matrix, namely a perovskite type structure,
which doubles as support structure.[3]
Perovskites are mixed-metal oxides that have attracted much scientific attention due to their low
price, adaptability and thermal stability. They generally have the formula ABO3 (A and B are
cations of different sizes, and O is the anion), exhibiting a range of stoichiometries and crystal
structures.[4] Perovskites LaFe1−xCoxO3 have been used successfully in Fischer-Tropsch
synthesis whereby the active phase is in the matrix structure. This is achieved by formation of
Co–metal segregates on the surface of the perovskite during reduction.[5]
We attempt to deposit iron oxide particles onto a perovskite structure containing the common FeFTS chemical promoter element potassium. After activation the promoter element still expected
to be located within the perovskite matrix and is proposed to donate electrons to the active iron
phase. The synthesis, characterization and preliminary FTS results will be presented.

Figure 1: The XRD (A) patterns and TEM (B) and SEM (C) images of the prepared perovskites La0.8K0.2AlO3.

[1] Emmett, P.H; Reinhold Publishing Catalysis, 1961, 4.
[2] Farias, F.E.M; Rabelo, and Fernandes. F.A.N; Brazilian Journal of Chemical Engineering, 2011, 28, 495 – 504.
[3] Anderson, J.R; Boudart, M; Science and Technology, Catalysis, 1993, 1 – 18.
[4] Jana, P.C; Mata Montero, P; Pizarro, J.M and Coronado, D.P; International journal of hydrogen energy, 2014, 39, 5283 – 5290.
[5] Escalona, N; Fuentealba, S; and Pecchi, G; Applied Catalysis A: General, 2010, 381, 253–260.
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The complex Fischer-Tropsch (FTS) product spectrum contains linear paraffins and olefins as major
products, and branched hydrocarbons, oxygenates and aromatics as minor products [1]. The formation
pathway for paraffins and olefins is relatively understood, however, there is limited understanding of
the nature of minor products. The lack of detailed analysis of minor products is due to instrument
limitation, thus requiring pre-analysis treatment or liquid chromatography analysis for oxygenates [2].
A clear understanding of the minor product formation is needed for better understanding of the FTS
mechanisms, which is needed for the development of more efficient catalysts.
The recent development of the 2D comprehensive gas chromatography (2D GCxGC), led to the
utilization of this technique for analysis of complex sample mixtures of petrochemicals and FTS [2].
Grobler et al. [2] demonstrated the superiority of 2D GCxGC over 1D conventional GC in both
qualitative and quantitative aspects for the analysis of the oxygenate fraction. The main advantages of
2D GCxGC is the lack of pre-analysis treatment, relatively short analysis time and high information
level [3].
This project focused on investigating the temperature effect (i.e. 240, 275 and 350 ˚C) on FTS product
spectrum (i.e. paraffins, olefins, aromatics and oxygenates) over an Fe-based catalyst by
comprehensive 2D GCxGC (Figure 1). In terms of the minor products, the total selectivity to
oxygenates (e.g. linear alcohols, branched alcohols, secondary alcohols, aldehydes and ketones)
decreased with the elevation of reaction temperature. The selectivity to aromatics (i.e. alkylbenzenes,
alkenylbenzenes and iso-alkylbenzenes) is low at all temperatures, however, alkylbenzene is the
dominant aromatic at elevated reaction temperature.
Figure 1: Online 2D GCxGC -MS analysis of FTS product spectrum over Fe-based catalyst as a function of
reaction temperature.

[1] Dry, M. E, Catal. Today, 2002, 71, 227-241
[2] Grobler, T, Claeys, M, van Steen, E, Janse van Vuuren, M. J, Catal. Commun., 2009, 10, 1674-1680
[3] Dallüge, J, Beens, J, Brinkman, U. A. T, J. Chromatogr. A, 2003, 1000, 69-108.
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Microwave (MW) irradiation is a very useful technique providing direct and rapid heating during a
chemical reaction [1]. Unlike conventional heating methods, MW irradiation has been proven to be
particularly useful for the synthesis of nanomaterials with controlled size and morphology, at scalable
amounts and under a short period of time [1, 2]. By using MW-assisted syntheses, nanomaterials such
as surface functionalized carbon dots (Cdots), carbon nanotubes (CNTs), copper oxide (CuO), and
nanocomposites such as gadolinium-Cdots (Gd-Cdots) and graphene nanosheets/cobalt oxide
(GNS/Co3O4) composite, have been synthesized for application in photocatalysis, bioimaging,
supercapacitors, etc [2-6].
In this study, we report a facile one-step MW synthesis of an inverse Co3O4/Cdots catalyst. This catalyst
composite consist of a metal catalyst that is “decorated” with the carbon support nanoparticles.
Decorating the surface of Co3O4 nanoparticles could help to disperse the Co3O4 nanoparticles and
therefore reduce sintering of the metal catalyst nanoparticles under the Fischer-Tropsch reaction [7]. To
obtain the inverse Co3O4/Cdots, cobalt acetate (cobalt oxide precursor), ascorbic acid (Cdots precursor)
and distilled water were mixed together and irradiated at 600 W for 25 min until a reaction temperature
of 180 °C is attained. The presentation will highlight the properties of this catalyst when characterized
by techniques such as TEM, XRD,FT-IR etc. The prepared catalysts will be tested in the Co-based
Fischer-Tropsch reaction.
[1] Kappe, C. O. & Dallinger, D. Controlled microwave heating in modern organic synthesis: Highlights from the 2004-2008 literature. Mol.
Divers. 13, 71–193 (2009).
[2] Hong, E. H., Lee, K. H., Oh, S. H. & Park, C. G. Synthesis of Carbon Nanotubes Using Microwave Radiation. Adv. Funct. Mater. 13,
961–966 (2003).
[3] Zuo, P., Lu, X., Sun, Z., Guo, Y. and He, H. A review on syntheses, properties, characterization and bioanalytical applications of
fluorescent carbon dots. Microchimica Acta 183, 519-542 (2016).
[4] Zhang, C. Y., Zhu, H. T., Wang, J. X. & Chang, S. B. Preparation of CuO nanoparticles by ultrasonic vibration and microwave
irradiation. Rare Met. Mater. Eng. 36, 88–90 (2007).
[5] Gong, N., Wang, H., Li, S., Deng, Y., Chen, X., Ye, L. & Gu, W. Microwave-Assisted Polyol Synthesis of Gadolinium-Doped Green
Luminescent Carbon Dots as a Bimodal Nanoprobe. Langmuir 30, 10933−10939 (2014).
[6] Yan, J., Wei, T., Qiao, W., Shao, B., Zhao, Q., Zhang, L. & Fan, Z. Rapid microwave-assisted synthesis of graphene nanosheet/Co3O4
composite for supercapacitors. Electrochimica Acta 55, 6973–6978 (2010).
[7] Macheli, L. Silica modified Co3O4 nanocubes as a model system for metal-support interaction in Co/SiO2 catalyst for Fischer-Tropsch
synthesis. MSc diss., University of Cape Town, 2014.
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The promotion effect of noble metals and the choice of support to enhance Co reducibility have
garnered great research interest [1]. This has led to the study of the hydrogen spillover effect to
determine the extent of the Co reduction [2]. In these studies the catalysts and promoters are either
next to each other or separated from each other by some material. Phaahlamohlaka et al. studied the
hydrogen spillover effect using Co promoted with Ru and supported on mesoporous hollow carbon
spheres [3]. This significantly improved the reducibility of Co3O4 via the primary hydrogen spillover
effect relative to the secondary hydrogen spillover effect. Pt is amongst the noble metals that are
efficient reducibility promoters, therefore, it is of great interest to study the hydrogen spillover effect
on the Co catalyst using Pt to observe if it behaves better than the other noble metals.

Figure 1 TEM images of the synthesized catalysts (a) Co@HCS (b) CoPt@HCS

Herein, the catalysts prepared include; the bimetallic mixture Co-Pt inside the support (CoPt@HCS),
Co inside the support (Co@HCS) and Co outside with Pt inside the support (Pt@HCS@Co), and vice
versa, Co@HCS@Pt, and finally the bimetallic mixture Co-Pt outside the support (CoPt/HCS). These
catalysts were characterized using TEM, SEM, EDS, TGA, PXRD, PXRD, TPR, in-situ XRD. The
materials were also used in Fischer-Tropsch synthesis. The TEM images show that Co and Pt
nanoparticles were successfully loaded and with good dispersion (Figure 1). Results illustrating the
use of these characterization techniques will be presented.
[1] Diehl, F; Khodakov, A. Y. Oil & Gas Science and Technology-Revue de l'IFP, 2009, 64, 11-24.
[2] Prins, R. Chemical reviews, 2012, 112(5), 2714-2738.
[3] Phaahlamohlaka, T. N.; Kumi, D. O.; Dlamini, M. W.; Forbes, R.; Jewell, L. L.; Billing, D. G.; Coville, N. J. ACS Catalysis, 2017, 7,
1568-1578.
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Copper-silver alloys for the electrochemical reduction of carbon dioxide
Gcinisizwe Dlamini, Patricia J. Kooyman
Department of Chemical Engineering, University of Cape Town, South Lane Road, Cape Town, 7700, South Africa, E-mail:
DLMGCI009@myuct.ac.za

Keywords: Copper, Silver, Copper-Silver, CuAg, electrochemical reduction, carbon dioxide

The modern economy is highly dependent on fossil fuels as a primary source of energy and
hydrocarbon-based chemicals. However, this energy source is depleting. Renewable energy is a
sustainable alternative to traditional sources of energy, but it still requires storage during excess
generation to meet subsequent high peak demand [1]. Through the electrochemical reduction of
carbon dioxide, renewable energy can be stored in the form of chemical bonds, whilst simultaneously
addressing the rise in carbon dioxide emissions. This process, which involves the formation of H+ ions
through the anode of the electrochemical cell and the reduction of CO2 at the cathode, is still
unselective, and produces a predominantly undesired hydrogen-rich stream on Cu catalysts [2]. The
performance of transition metals for the electrochemical reduction of CO2 has been modelled and
predicted based on the metals' CO adsorption energy. Transition metals such as Au, Ag, and Zn are
stated to reduce CO2 to CO on the catalyst surface because of weak CO adsorption, and thus produce
a CO rich product stream [3]. In comparison, Pt, Ni, and Cu, which have a strong CO adsorption
energy, elute a H2-rich product stream from the reduction of H+ ions, as the strongly adsorbed CO is
not reduced further to hydrocarbons [3]. Over a wide voltage range, the production of CO is in
competition with the H2 production on a Cu electrocatalyst [4].
To inhibit the production of hydrogen, this project investigates the use of a Cu-Ag alloy. Therefore, it
is proposed that that the addition of Ag to Cu catalysts will lead to an increased coverage of CO,
which can further be reduced to hydrocarbons on Cu surfaces. This would then limit the coverage of
H+ ions, preventing their reduction to undesired H2.
To investigate this, three groups of catalysts will be synthesised, namely two monometallic Cu and Ag
nanoparticles, and a CuAg alloy with a 1:1 molar ratio. The monometallic Cu and Ag nanoparticles
will be synthesised in an inert environment at room temperature, with 1,2-dodecanediol as a
surfactant, and sodium borohydride as a reducing agent. The CuAg alloy will be synthesised under the
same conditions, however at higher temperatures to increase the extent of alloying between Cu and
Ag. The three groups of catalysts will all be characterised by employing Transmission Electron
Microscopy (TEM), and X-Ray Diffraction (XRD).

[1] Manthiram, K, Beberwyck, B.J and Alivisatos, A.P, Journal of American Chemical Society, 2014, 136, 13319-13325
[2] Hori, Y, Murata, A, Takahashi, R and Suzuki, S, Journal of American Chemical Society, 2002, 106, 15-17
[3] Kuhl, K.P, Hatsukade, T, Cave, E.R, Abram, D.N, Kibsgaard, J and Jaramillo, T.F, Journal of American Chemical Society, 2014, 136,
14107-14113.
[4] Hori, Y, Takahashi, I, Koga, O and Hoshi, N, Journal of Physical Chemistry B, 1988, 106, 17-19
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Fischer-Tropsch (FT) catalysts are amongst the most intensively studied systems in heterogeneous
catalysis. Recently, much interest has been towards the design of hybrid catalysts for the direct
synthesis of branched middle distillates from the FT process for use in gasoline engines. But the
optimization of gasoline-like hydrocarbons (C5 – C12) from the process is still a challenge because of
its poor selectivity control [1]. Predictions by the Anderson-Schulz-Flory (ASF) distribution set an
upper bound on the theoretical FT synthesis selectivity to gasoline at ~48% [2]. Directly increasing
the selectivity to gasoline therefore requires an in situ upgrading of the product spectrum by
combining FT synthesis and hydrocracking processes, either via bifunctional processes or bifunctional
catalysts. The latter is typically achieved by the use of hybrid materials that combine conventional FT
catalysts with zeolites.
The use of yolk-shell nanoparticles is another route that can be explored for the in situ upgrading of
the FT product spectrum. Yolk-shell (or rattle-type) catalysts characterized by their distinctive
core@void@shell configuration, have triggered great interest because of their high porosity,
mechanical robustness and the added chemical properties associated with the shell barrier. In this
presentation we report on the bottom-up synthesis and the FT performance of a bifunctional
M@m-SiO2-Al2O3 yolk-shell catalyst. The architecture of this catalyst allows for the production of
hydrocarbons on the yolk nanoparticles, and further cracking / isomerization of the primary FT
products on the acidic sites of the shell. We focus on effects associated with the synthesis conditions,
the quantity / type of acidic sites incorporated, and the FT reaction conditions.

Figure 1: Bright field TEM images of typical catalysts synthesized; (a) M/SiO2, (b) M@SiO2-Al2O3.
[1] Wei, J; Ge, Q; Yao, R; Wen, Z; Fang, C; Guo, L; Xu, H; Sun, J, Nat. Commun. 2017, 8, 15174.
[2] Zhu, C; Bollas, GM, Appl. Catal. B, 2018, 235, 92 – 102.
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In this work we investigate the potential of a 10% Fe 2% Mn C-βSiC catalyst for FischerTropsch to lower-olefins (FTO). The catalyst was modified with microwave irradiation (MI)
for 10 and 15 seconds as post treatment after calcination. Another catalyst was prepared by
drying and calcining under MI for 15 min. The prepared catalysts were characterized by BET,
H2-chemisorption, XRD, TPR, SEM, TGA, Mossbauer and temperature programmed reaction
(TPSR). The BET results showed that the MI as an influence on the surface areas of the
different catalysts. The SEM and elemental mapping showed different shapes and Fe
dispersion once MI was applied either as post treatment or as catalysts preparation method.
Concerning the XRD and TPR, the MI do not have any influence on the different catalysts.
The Mossbauer analysis reveal of Fe3O4 phase which remain the same after MI for 10 and
15s; less Fe3O4 phase were observed once the catalyst was prepared under MI for 15 min. The
TPSR results of catalysts reduced with H2, exposed to CO and later hydrogenated showed that
propylene (C3H6) was the major products, and the MI as post treatment or preparation method
did not have an influence on the C3H6 productions. The TPSR of a catalyst reduced with CO
and exposed to Syngas (H2/CO=2) showed that olefins were no longer formed. The TGA
results showed that the catalyst prepared under MI for 15 min is less subjected to carbon
deposition.
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This paper focuses on the use of the Temperature Programmed Surface Reaction (TPSR) studies to
investigate the effect of pre-treatment techniques on silica support for cobalt Fischer-Tropsch (FT)
catalysts. Untreated silica gel and two other silica gel each pre-treated with thermal treatment and
ethylene glycol (organic solvent) were used to prepare 10%Co/SiO2 catalysts via incipient wetness
impregnation. In this work, various catalyst characterization techniques were used i.e. BET, XRD,
Hydrogen chemisorption, Temperature Programmed Reduction (TPR), Temperature Programmed
Desorption (TPD), Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy
(TEM). Also, the reaction behaviour of the treated and untreated catalysts were studied using
Temperature Programmed Surface Reaction (TPSR) technique by hydrogenation of pre-adsorbed CO.
The characterization of the catalysts showed that the catalyst made with ethylene glycol pre-treated
silica gel gave a better cobalt metal dispersion and the TPSR studies indicated that this same catalyst
exhibited higher CO activity compared to the other catalysts.

[1] H. Sukkathanyawat, S. Tungkamani, M. Phongaksorn, T. Rattana, P. Narataruksa, and B. Yoosuk, Promoter Effect on the Physicochemical Properties of Cobalt Based Catalyst for CO Hydrogenation, vol. 79. Elsevier B.V., 2015.
[2] W. M. Dlamini, N. J. Coville, and M. S. Scurrell, “Microwave radiation in the modification of iron Fischer-Tropsch catalysts,” J. Mol.
Catal. A Chem., vol. 409, pp. 19–25, 2015.
[3] X. Dai and C. Yu, “Effects of pretreatment and reduction on the Co/Al2O3 catalyst for CO hydrogenation,” J. Nat. Gas Chem., vol. 17,
no. 3, pp. 288–292, 2008.
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Abstract
Pt/BEA is a catalyst with potential for hydrocracking of wax to middle distillates. Acidic properties
and the stability of BEA make it a suitable zeolite for the study. In addition, Pt has de/hydrogenating
abilities for an ideal hydrocracking catalyst. As a result, combination of Pt and BEA in a catalyst has a
potential for effective hydrocracking of wax to middle distillates. The change in Si/Al ratio varies the
acidity of the catalyst and as a result influences selectivity, activity and conversion. Hierarchical BEA,
because of the mesopores, may overcome diffusion problems encountered in conventional BEA.
Introduction
The middle distillates are gasoline, kerosene, naphtha and diesel. Gasoline contains organics in the
carbon range (C5 - C12), naphtha (C7 - C11), kerosene (C8 - C16) and diesel (C10 - C20). The classification
of the distillates as gaseous, middle and heavy distillates is based on the carbon range. For example,
natural gas (NG), predominantly C1, and liquefied petroleum gas (LPG), primarily C3, are the gaseous
distillates with carbon range, C1-C4, and middle distillates are the C5-C20 range. The scarcity of middle
distillates is envisaged imminently. This is based on depleting crude oil reserves, rapidly growing
population, and energy consuming technology [1,2]. Extremely high demands for oil and fuel are
predicted in about a decade [3,4]. Accordingly, it is imperative to develop renewable energy sources.
The Fischer-Tropsch process, for example, produces alternative fuel to respond to this situation.
However, low temperature FT produces large volumes of wax. FT wax adds up to crude oil industry
wax. The chemical conversion of wax through hydrocracking and catalytic cracking is used to
produce the distillates. The process is called dewaxing. Catalytic cracking uses acid catalysts and
hydrocracking uses bifunctional catalysts. Dewaxing processes can be optimized further. This can be
achieved by improvement of catalyst stability, selectivity and activity. The objective of this study is to
synthesize conventional and hierarchical Pt/BEA with different Si/Al ratios, and study their activity,
selectivity, stability in hydrocracking of wax to middle distillates. It is hypothesized that both
conventional and hierarchical BEA will facilitate hydrocracking of the wax to middle distillates. The
variation of acid strength (via variation of Si/Al ratio) and pore size distribution (hierarchical BEA)
will influence stability, selectivity, activity and conversion of wax by Pt/BEA.
Methodology
Conventional BEA is synthesized via hydrothermal synthesis and hierarchical BEA via steam-assisted
synthesis. Na-BEA is activated for hydrocracking by ion exchange with NH4+. Pt/BEA is to be
prepared by impregnation. Catalyst performance evaluation will be carried out via hydrocracking of
wax.
[1] Becker, P.J., Celse, B., Guillaume, D., Costa, V., Bertier, L., Guillon, E. & Pirngruber, G., 2016. Fuel, Volume 164, pp. 73-82.
[2] Valavarasu, G., Bhaskar, M., & Balaraman, K.S., 2003. Petroleum Science and Technology, 21(7-8), pp. 1185-1205.
[3] Eller, Z., Varga, Z. & Hancsók J., 2016. Fuel, Volume 182, pp. 713-720.
[4] Hur, Y.G., Lee, D.W. & Lee, K.Y, 2016. Fuel, Volume 185, pp. 794-803.
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During the production of crude oil using the Fischer-Tropsch (FT) process, there is about 1.1 to 1.3
tons of wastewater produced per ton of crude oil, which is the largest volume liquid product from the
process.[1] The wastewater is characterized by a high organic load (200 tCOD/day). With South
Africa ranked amongst the 30 driest countries in the world, the National Water Act, 1998 (Act 36 of
1998) requires a balance between using and protecting water resources to be achieved. It has then
become necessary to manage water resources within the country. This will be achieved using a
constructed wetland. Synthesized FT wastewater was prepared using a mineral salt solution
comprising of small chain alcohols (SCA’s) and volatile fatty acids (VFA’s) which both contribute
87.4% COD. The synthetic wastewater, with 69.7 gCOD/L was used as a feed in an aerobic unplanted
wetland system. Anox-Kaldnes AB supports were used to enhance biofilm formation. The point of
zero charge (pH(PZC)) for the supports was pH 7.9 which enhanced biofilm formation within 2 weeks
after start-up time. The COD of the wastewater reduced to 70% and 93% respectively for SCA and
VFAs over 90 days at a hydraulic retention time of 3-4 days. Volatilization studies indicated that 80%
of the compounds tend to volatize in an open system, whereas 28% tend to volatize in a closed
system. The dissolved oxygen (DO) in the bed was enhanced by an aquatic filter pump, to maintain an
aerobic environment. It was observed that low DO levels inhibited bacterial growth and led to low
COD reduction. The system’s temperature was not maintained but left to operate at room temperature
throughout the study in a laboratory. It was observed that the pH remained between 7.1 and 9.1.
According to biochemical characteristics and 16S rRNA, sequence analysis the isolates were
identified as Lactobacillus murinus, Bacillus velezensis, Bacillus pumilus, Enterobacter
xiangfangensis, Enterobacter hormaechei subsp. and Enterobacter cloacae. It was concluded that by
adding a support for bacterial growth, high strength COD can be treated using a wetland system and
to limit volatilization of the organic compounds, the wetland system should be closed, whilst
maintaining good levels of DO.

[1] Majone, M., Aulenta, F., Dionisi, D., D’Addario, E. N., Sbardellati, R., Bolzonella, D., and Beccari, M. High-rate anaerobic treatment
of Fischer-Tropsch wastewater in a packed-bed biofilm reactor, 2010. Water Research, 44(9), 2745–2752.
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Economic development and industrialisation have led to a fossil fuel dependant society. However,
fossil fuels are finite and have created the need to find a greener and renewable replacement. Biofuels
have been viewed as an answer to alleviate dependence on fossil fuels and reduce CO2 emissions.
Biodiesel production yields 10% of glycerol as a by-product with the global glycerol market size
estimated to reach 4.1 million tons by 2022. Many reactions are known to valorise the glycerol, such
as etherification to fuel oxygenates, selective hydrogenolysis to propylene glycol, reforming to syngas
and selective oxidation of primary and secondary hydroxy groups.
In this study, the dehydration and subsequent hydrogenation of glycerol to form propanol is
investigated. A suitable catalyst requires acidic sites to dehydrate the glycerol to acrolein. The acidity
is supplied by loading a heteropolyacid (HPA) over γ-Al2O3. The selected HPA, tungstosilicic acid,
has a high density of medium to strong Brønsted acidic sites, which have been shown to be required in
the dehydration of glycerol. Hydrogenation of the intermediate acrolein is a simple reaction, which
can be carried out using well-known hydrogenation catalysts. Copper was chosen as the metal of
choice for this study due to its selectivity to cleave the C=O bond instead of the C-C bond.
Catalysts were prepared using a sequential incipient wetness impregnation and calcined at 500 °C for
5 hours. The used techniques to probe the physicochemical properties of these catalysts were H2-TPR,
NH3-TPD, N2-physisorption and X-ray diffraction (XRD). The catalyst was tested in a continuous
flow fixed-bed reactor in down-flow mode. From preliminary testing it was observed that Brønsted
acidic sites have a significate effect on the conversion of glycerol and formation of aldol condensation
products. Copper dispersion on the surface of the catalyst was shown to decrease the overall Brønsted
acidity of the catalyst. The best selectivity to propanol was obtained over the 25Cu/15HSiW/γ-Al2O3
catalyst. This catalyst also obtained near complete conversion of glycerol. Recent results from this
study will be presented and discussed.

Figure 1: (STEM-EDX) line scan image of the 25Cu/15HSiW/γ-Al2O3; (a) dark field image, (b)
combined map and (c) HR-TEM image showing lattice fringes of 10 wt% Cu/15HSiW/γAl2O3.
.
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Due to the ever increasing environmental pressures caused by fossil fuel combustion, an
alternative, clean energy carrier is sought after. Hydrogen is the ideal carbon-free energy carrier
with the potential to replace traditional fuel sources. Currently, the majority of hydrogen is
produced from hydro-carbons [1]. Hydrogen produced in such a way yields CO2 as a by-product
[2]. Furthermore, some CO can also be present in such hydrogen streams, which deteriorates fuel
cells used to convert the chemical energy associated with hydrogen to electrical energy [3]. In
recent years, the reaction between light weight metals (and their hydrides) and water to generate
hydrogen have attracted attention. Aluminium (Al) is the prime candidate due to its light weight,
abundance, low cost, and hydrogen generation potential (i.e. 1.36 L/kg Al) [4,5]. Al hydrolysis
yields pure hydrogen, which may be directly fed to fuel cells, and environmentally benign and
fully recyclable hydroxides/oxides. Al hydrolysis is thermodynamically favourable. Under mild
conditions, a dense hydroxide layer prevents the contact between Al and water, inhibiting the
hydrolysis reaction. If Al is to be applied for on-demand hydrogen generation, this oxide layer
has to be disrupted/removed without the use of corrosive chemicals (acidic and alkaline) and
toxic/expensive compounds. In-house ternary Al composite was successfully developed using
bismuth (Bi) and tin (Sn), as indicated in Table 1.
Table 1: Hydrogen yields and reaction times of activated Al composites

Composite
1
2
3

Al
95
95
95

Compound (wt%)
Bi
Sn
4.5
0.5
3.75
1.25
2.5
2.5

Yield (%)

Reaction time (min)

>95
>95
>95

10
16
25

Particle surface SEM-EDS analysis indicated that Bi and Sn could be uniformly distributed onto
the surface of Al particles, ensuring that the oxide layer is disrupted. It is also likely that Bi and
Sn was homogeneously distributed within Al particles, which promoted micro-galvanic activity
between anodic Al and cathodic Bi and Sn.

(a)
(b)
Figure 1: SEM-EDS analysis of the Bi (a) and Sn (b) surface distribution of a particle originating
from a ternary Al-Bi-Sn composite
[1]
[2]
[3]
[4]
[5]

Balat, M. Int. J. Hydrogen Energy, 2008, 33, 4013-4029.
Ball, M; Wietschel, M. Int. J. Hydrogen Energy, 2009, 34, 615-627.
Gosavi, PV; Biniwale, RB. J. Power Sources, 2013, 222, 1-9.
Du Preez, SP; Bessarabov, D.G. Int. J. Electrochem. Sci., 2017, 12, 8663-8682.
Du Preez, SP; Bessarabov, D.G. Int. J. Hydrogen Energy, 2017, 42, 16589-16602.
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The increased generation and emission of air pollutants and gases poses a threat to the environment
and the health of all living organisms. More researchers are interested in developing sensing materials
that are able to detect these harmful substances with high selectivity, high sensitivity and possible
operation at room temperature. Graphene oxide (GO) has fascinating chemical and electrical
properties. GO has been receiving great attention in the field of sensing because it serves as a
precursor of reduced graphene oxide (rGO). The high conductivity and chemically active defects in
rGO, which assist in the adsorption of molecules to the surface, makes it a suitable material for
sensing [1].
In this work, graphene oxide was synthesized using the Improved Hummers’ Method by Tour et al.
[2] from graphite powder (<20 µm) followed by exfoliation and freeze
-drying. The ratio of the
graphite to potassium permanganate (1:6 and 1:8) and the reaction temperature (50 to 40 ̊C) was
varied. The chemical and structural properties of the GO powders were analysed by transmission
electron microscopy (TEM), X-ray photoelectron spectroscopy, Fourier Transform Infrared
Spectroscopy, Raman spectroscopy, X-ray diffraction, UV-Visible spectroscopy, thermal gravimetric
analysis and Brunauer-Emmett-Teller surface area analysis. From Raman analysis, we noticed that an
increase in the graphite to potassium permanganate ratio led to an increase in the number of defects in
the GO. The decrease in temperature from 50 ̊C to 40 ̊C also increased the number of defects.
However, when GO was synthesized at a lower reaction temperature (40 ̊C) using a 1:8 graphite to
potassium permanganate ratio there was a decrease in the defect density. TEM micrographs showed
wrinkled GO sheets with several micron in size. The higher the defect density in the GO sample the
more wrinkled the sheets appeared under TEM. The surface area decreased with an increase in
defects, but the GO with the lowest defect density also had a lower surface area.

[1] Ghosh, R, Midya, A, Santra, A, Ray SK and Guha, PK. ACS Applied Materials and Inerfaces, 2013, 5, 7599-7603.
[2] Marcano, DC; Kosynkin, DV, Berlin, JM, Sinitskii, A, Sun, Z and Slesarev, A. ACS Nano, 2010, 4(8), 4806-4814.
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Vanadium based catalysts have gained a great deal of attention, extensively studied and have been
used in a variety of applications. This is due to properties such as acid-base bifunctionality, the redox
properties of the supported metal oxide and the dispersion as well as surface exposure of active metal
centers of the supported metal oxide over a given support [1-2]. Titanium dioxide (anatase) continues
to be used as a support due to its relative high surface area, its amphoteric nature as well as the
relatively high degree of reactive surface hydroxyls that anchor with VOx species [2-3]. By means of
spectroscopic (RAMAN and powder XRD analysis) as well as microscopic techniques (STEM-EDS
and HR-TEM), this study presents the different VOx species and their distribution over the titania
support at two different loadings (4 and 9wt% V2O5/TiO2). From these techniques, it has been
observed that at a low loading (4wt% V2O5/TiO2), vanadia species are well dispersed and form
isolated monomeric and polymeric species. On the other hand, a higher loading (9wt% V2O5/TiO2)
reveals the presence of polymeric and crystalline V2O5 over the TiO2 support (see Figure 1).

Figure 1: Different species of vanadia formed with an increase in the weight loading over a given
support [4].
This is due to the higher loading being above monolayer coverage which is estimated to be between 68 wt% of the surface when TiO2 is used as a support. This is in agreement with literature findings
based on characteristic features of the VOx/TiO2 catalytic material. The monomeric and isolated
polymeric species are the more active (more selective), while the crystalline V2O5 species are less
active [2-4].
Thermogravametric analysis showed that the 4wt% V2O5/TiO2 had a relatively more stable structure
due to better interaction with the support as a result of the good dispersion of vanadia species.
Temperature program desorption (NH3-, CO2- and IPA-TPD) and reduction (H2-TPR) showed that
with an increase in weight loading, the catalysts become more acidic (Lewis and Brønsted acidity),
with no basicity, and showed a variable degree of reduction depending on the species present over the
support. These characteristic features will influence the performance, in terms of selectivity, life span
and most importantly, interaction with CO2 (feed gas) during the conversion of n-octane to octane
isomers [5]. Hence, this study aims to understand the manner in which CO2 interacts with the
VOx/TiO2 surface in a quest to establish a means to utilize and minimize the production of the
greenhouse gas CO2.
[1] Ansari, M. B; and Park, SE. Energy Environ. Sci., 2012, 5, 9419-9437.
[2] Wachs, I. E. Dalton Trans., 2013, 42, 11762-11769.
[3] Sharma, P; Dwivedi, R, Dixit, R, Batra, M and Prasad, R. RSC Adv., 2015, 5, 39635-39642.
[4] Carrero, A. C; Schlögl, R, Wachs, I. E and Schomaecker, R. ACS Catal, 2014, 4, 3357-3380.
[5] Ascoop, I; Galvita, V. V, Alexopoulos, K, Reyniers, MF, Van Der Voort, P, Bliznuk, V and Marin, B. G. J. Catal., 2016, 335. 1-10.
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A lot of research has been undertaken to control the architecture of titanium dioxide (TiO2) down to
nano scale dimensions with different morphologies being formed. Nano dimensional TiO2 has the
advantage of possessing unique properties and superior performance with potential in various
applications including catalysis. This can impact positively on a variety of economically important
technologies [1]. TiO2 is cheap, readily available, environmentally friendly, has a high energy
capacity, non-toxic, mechanically and thermally stable and therefore, it can be used for different
applications [2].
In this work, we have used a hydrothermal method to synthesize the radially aligned nano rutile TiO2
with TiCl4 as a precursor. The synthesis temperatures as well as the length of ageing time involved in
the synthesis have been optimized to give the best yield of the resulting TiO2. The synthesized
materials have been characterized extensively using XRD, SEM, TEM and BET surface area analysis
in order to determine phase structures, surface area, alignment of the nano rods and to correlate these
with the synthesis parameters. The optimized rutile TiO2 nano rods formed grew into dandelion-like
structures with an average diameter of 560nm as shown in the figure below.

Figure 1: Radially aligned nano rutile (RANR) TiO2.

[1] Han, Y., Li, G. & Zhang, Z., J. Cryst. Growth, 2006, 295, 50–53.
[2] Wu, X. et al., Appl. Catal. B Environ. 2013, 142–143, 450–457.
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This poster presents the first ever zeolites synthesized from fly ash from Morupule power station in
Botswana. The synthesis fly ash from was subjected to a series of hydrothermal reactions with
sodium hydroxide. The physicochemical properties of the as received fly ash and the synthesized
zeolites were investigated and characterized by FTIR, XRD, XRF and SEM-EDAX. The XRF results
shows that the major components of the as is fly ash are metallic oxides in descending order: SiO2 ˃
Al2O3 ˃ Fe2O3 ˃ CaO ˃ MgO ˃ K2O. The effects of crystallization temperature, time and SiO2/Al2O3
ratio of the initial system on the properties of final products were investigated. As a result of the
hydrothermal reactions, different types of zeolites were synthesized from the fly ash: sodalite,
hydrosodalite, zeolite SAPO-43 and sodalite MAPO. The SiO2/Al2O3 ratio of the fly ash was
improved from 1.55 to 2.83. The experimental conditions have a significant influence on the type of
zeolite and its content in the reaction products. Figure 1 depicts the XRD patterns of the as is fly ash
and that of the synthesized zeolites. Further synthesis will target the ZSM-5 zeolites. Once optimized,
the synthesized zeolites will be modified and tested as potential acid catalysts for different
applications.

Figure 1 XRD patterns of A) As received fly ash and B) synthesized zeolites

[1] Adamczyk, Z., and Białecka, B. Polish J. of Environ. Studies, 2005, 14, 713–719.
[2] Mozgawa W, Krol M., Barczyk C., Chemik 2011, 65, 671.
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Carbon dots (CDs) are a new class of nanocarbon based materials with sizes less than10 nm [1-3].
The CDs were accidentally discovered as by-products during the separation and purification of singlewalled CNTs from arc-discharged soot in 2004 by Xu and colleagues [1-3]. This by-product intrigued
researchers who carried out further experiments as they exhibited fluorescent properties.
Composite metallic nanoparticles with carbonaceous materials have found a wide range of
applications including their use in sensing, fuel cells, optoelectronics, and catalysis [4]. Especially in
catalysis, metal nanoparticles supported on carbon nanotubes and graphene act as an excellent
heterogeneous catalyst for organic transformations [4]. Preparation of metal nanoparticles with high
hydrogenation activity involves using both reducing and stabilizing agents [5]. Some of the reducing
agent used are toxic and show facile reducibility which can lead to particle agglomeration [5]. The use
of these reducing agents can limit the process of hydrogenation, hence it is important to find
alternative reducing agents that are environmentally friendly [5]. The surface of CDs contains many
“electrons and holes” which enables them to serve either as reducing agents or oxidizing agents [5].
Also, different functional groups on the surface of the CDs can coordinate with metal ions and
stabilize metal nanoparticles [5].
In this project, H2PdCl4 was reduced to metallic Pd using CDs. The synthesized Pd/CDs catalysts
were tested for the hydrogenation of cinnamaldehyde.
[1] Zhou, J.; Zhou, H.; Tang, J.; Deng, S.; Yan, F.; Li, W.; Qu, M. Microchimica Acta 2017, 184, 343.
[2] Dimos, K. Current Organic Chemistry 2016, 20, 682.
[3] Baker, S. N.; Baker, G. A. Angewandte Chemie International Edition 2010, 49, 6726.
[4] Dey, D.; Bhattacharya, T.; Majumdar, B.; Mandani, S.; Sharma, B.; Sarma, T. K. Dalton Transactions 2013, 42, 13821.
[5] Zhang, J.; Chen, Y.; Tan, J.; Sang, H.; Zhang, L.; Yue, D. Applied Surface Science 2017, 396, 1138.
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Iron nitrate has been used as a precursor for iron based catalyst in the process of Fischer Tropsch
Synthesis (FTS)and an ernomous amount of studies have been performed on this subject. Few
researchers used iron ore as a precursor for FTS and in this work we compared iron nitrate and iron
ore as precursors for Iron based catalyst used in the process of FTS. We performed characterization
for both samples using Brannuers Teller Emmet (BET), X-ray Fluorescence (XRF), X-ray Diffraction
(XRD), Temperature Programmed Reduction (TPR) and Transmission Electron Microscopy (TEM).
XRF results showed that the iron ore sample contains potassium and copper ( used as promoters for
iron based catalyst) and other elements. We then loaded the same amount of potassium and copper to
iron nitrate sample. We then run FT using both samples for 100hour at 250 degrees Celsius, 15 bar
and 60 ml/min. Iron ore sample gave a better CO conversion than the promoted iron nitrate and
selectivity of C1-C4 and C5+ were higher on iron ore sample than iron nitrate promoted. This could
be due to other elements present in iron ore like calcium which enhances the surface basicity of the
catalyst and promote the reduction and carburization of the catalyst during the reduction and FTS
reaction in syngas.
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The water gas shift (WGS) reaction reacts carbon monoxide and water to form carbon dioxide and
hydrogen. This is used in fuel processing for hydrogen fuel cells to reduce the amount of carbon
monoxide present in the hydrogen feed line. Carbon monoxide poisons the platinum catalyst used in
hydrogen fuel cells [1], therefore it is important that the majority of the carbon monoxide be removed
before the feed stream enters the fuel cell so that the fuel cell has a longer lifespan.
The traditional Cu/ZnO/Al2O3 catalyst used for the WGS reaction cannot be used as it is pyrophoric
when exposed to air and requires reduction before use, which is undesirable for long-term use in fuel
cells [2], so alternatives are sought. Platinum supported on CeO2 has been identified as an alternative
catalyst for the WGS reaction, showing high activity, due to ceria acting both as a support and being
WGS active. However, this leads to reduced stability [1, 2] due to the support taking part in the reaction,
causing structural changes that result in deactivation.
The activity and stability of the catalyst increases significantly when platinum is promoted with rhenium
[2]. The mechanism of this promotion is not yet fully understood, however it has been shown that
bimetallic clusters of platinum and rhenium form during catalyst preparation [1]. These bimetallic
clusters potentially promote the WGS reaction, increasing catalyst activity and stability [1, 2]. Close
contact between platinum and rhenium is required for promotion, as rhenium on its own is inactive for
the WGS reaction [3].
Traditionally prepared catalysts using impregnation techniques have poor control over particle size and
distribution [4]. Impregnation techniques also lead to inhomogeneous alloying of platinum and rhenium
[4]. Organic solution synthesis methods are able to produce homogeneously alloyed Pt3Re nanoparticles
[5]. These nanoparticles are then supported on CeO2 to form the catalyst. It is therefore hypothesised
that a more homogeneous Pt-Re catalyst prepared via organic solution synthesis will lead to higher
activity and stability than the Pt-Re catalyst prepared via traditional impregnation techniques.
[1] Sato, Y; Terada, K; Hasegawa, S; Miyao, T and Naito, S. Applied Catalysis A: General, 2005, 296, 80-89.
[2] Sato, Y; Terada K; Soma, Y; Miyao, T and Naito, S. Catalysis Communications, 2006, 7, 91-95.
[3] Azzam, K; Babich, I; Seshan, K and Lefferts, L, Applied Catalysis B: Environmental, 2008. 80, 129-140.
[4] Ponec, V; Bond, G.C., Catalysis by metals and alloys, Elsevier, New York, 1995.
[5] Raciti, D; Kubal, J; Ma, C; Barclay, M; Gonzalez, M; Chi, M; Greeley, J; More, K L and Wang, C. Nano Energy, 2016, 20, 202-211.
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The need to develop new robust catalysts for the Suzuki-Miyaura cross-coupling reaction has led
chemists to study organosulfur ligands which are usually hydrophilic, resistant to moisture and also
possess aquatic stability.[1,2] Majority of these organosulfur ligands used in this regard are of SCS
pincer type ligands complexed to Pd(II) metal centres, however the corresponding easy-to-synthesize
SNS pincer complexes are well underrepresented. The few SNS pincer complexes used provided only
moderate GC yields with inactivated aryl bromides.[3,4] Encouraged by the stability and hydrophilic
nature of the organosulfur pincer ligands, together with the scarcity of the easy-to-synthesize SNS
analogues, a series of new water-soluble cationic Pd(II) SNS pincer complexes have been successfully
synthesised and investigated in detail for their catalytic activity in Suzuki–Miyaura coupling reactions
(Figure 1). By using a low catalyst loading, the coupling of inactivated aryl bromides and activated aryl
chlorides, with various boronic acids in water was achieved in excellent yields. The catalysts were found
to be reusable without a significant loss of activity. The investigation of the mechanism of the reaction
revealed that a Pd(II) to Pd(IV) route is the more likely pathway which was further supported by
computational studies. [5]
Figure 1: Pd(II) catalyzed cross-coupling reaction in aqueous medium.

[1] Sun, N.; Chen, M.; Jin, L.; Zhao, W.; Hu, B.; Shen, Z.; Hu, X. Beilstein J. Org. Chem. 2017, 13, 1735–1744.
[2] Kumar, A.; Rao, G. K.; Kumar, S.; Singh, A. K. Organometallics 2014, 33, 2921–2943.
[3] Kumar, A.; Rao, G. K.; Kumar, S.; Singh, A. K. Dalton Trans. 2013, 42, 5200–5223.
[4] Bai, S.-Q.; Hor, T. S. A. Chem. Commun. 2008, 3172–3174.
[5] Fiebor, A.; Tia, R.; Makhubela, B.C.E.; Kinfe, H.H. Beilstein J. Org. Chem. 2018, 14, 1859–1870
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Little attention has been given to the use of osmium as a promoter for Fischer Tropsch synthesis
(FTS). In this study the synthesis and use of cobalt nanoparticles supported on osmium nanoparticles
encapsulated inside hollow carbon sphere (HCS) as a potential FT catalyst is reported. In previous
work, osmium was studied as an FT catalyst and showed to be a poor catalyst (Table 1) [1]. Thus in
this study osmium will be studied as a potential cobalt FTS catalyst promoter. The hollow
morphology of the HCS was exploited to study the influence of Os nanoparticles location relative to
the Co3O4 nanoparticles and on the reduction behaviour and activity of the Co FT catalyst. Os
nanoparticles were loaded both inside and outside HCS, while the Co3O4 particles (ca. Co 10 wt %
loading) were loaded on the outside of the HCS. Thus two catalysts were synthesised: Co/Os@HCS
and CoOs/HCS. The encapsulation of Os inside HCSs will allow the study of hydrogen spillover
effect (Fig. 1) in FT reactions. Numerous physicochemical properties were used to reveal that both
catalysts had been successfully synthesized. These included electron microscopy, in situ PXRD, TGA,
BET, and TPR studies. The use of in situ PXRD and TPR on the catalysts enables the study of
reduction pathways of the Co3O4 metal catalyst and its spillover effect. FT studies on both CoOs/HCS
and Co/Os@HCS catalysts will be reported.
Table 1: Fischer-Tropsch synthesis catalytic performance of Os supported catalysts.
Sample

Temperature
(oC)

CO
conversion
(%)

Product selectivity (%)
C1

C2

5% Os@HCS HDP

220
250
300

2.6
2.48
2.01

78.3
75.3
75.6

21.7
24.7
24.4

Olefin/Paraffin
(ratio)
0.943
0.685
0.639

10%
HDP

220

13.85

92.8

7.2

1.277

250
300

11.95
13.52

90.3
88.4

9.7
11.6

0.718
0.451

220

19.36

64.3

35.7

0.335

250
300

7.38
13.53

64.9
66.1

35.1
33.9

0.286
0.387

Os@HCS

10% Os/SiO2 HDP
(reference)

Figure 1: Illustration of the two types of hydrogen spillover effect.
[1] Molefe, T; Forbes, R and Coville, N.J., Osmium as a potential Fischer-Tropsch catalyst using hollow carbon spheres as support. Diss,
2018.
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Hydrogenation and dehydrogenation of organic compounds are well-established industrial processes
that have been extensively used for many decades in various applications. Well known catalysts for
these processes are, platinum, ruthenium, nickel, copper, and many more. The noble metal catalysts
are deposited in small quantities (0.3‒5 wt. %) on porous supports such as, SiO2, Al2O3, TiO2 and
V2O5. These catalysts are typically used for dehydrogenation of cycloalkanes to their corresponding
aromatic compounds. Whereas nickel and copper systems contain much higher loadings ca. 50 wt. %
and are used for hydrogenation of aromatic compounds. Hydrogen storage and release from liquid
organic hydrogen carriers (LOHCs) is performed through catalytic hydrogenation and
dehydrogenation reactions [1]. The most recent and attractive LOHC based storage system is
dibenzyltoluene (H0-DBT), hydrogen lean form of perhydrodibenzyltoluene (H18-DBT) [2, 3]. Most
of the hydrogen storage technologies except LOHCs besets with disadvantage that either a particular
method is having low weight basis capacity of hydrogen storage or volumetric capacity is lower [4].
The catalyst for LOHC dehydrogenation remains a critical component for the reactor system, since
very efficient catalyst is needed to supply hydrogen for the fuel-cell or any other H2 based application.
The efficiency of a catalyst depends on the metal loading, structural properties i.e. porosity, surface
area, metal dispersion etc. However, there is very limited information on the dehydrogenation kinetics
of H18-DBT system. In this work, monometallic catalysts containing the noble metals Pt and Pd on
alumina supports, as well as bimetallic catalysts containing Pt combined with Pd are evaluated for
dehydrogenation of H18-DBT using batch reactor. The effect of temperature, metallic loading and the
role of second metal are investigated. The catalyst properties are characterized using TPR, CO pulse
chemisorption, BET, XRD and TEM.

[1] Teichmann, D; Arlt, W; Wasserscheid, P. International Journal of Hydrogen and Energy, 2012, 37, 18118-18132.
[2] Müller, K; Aslam, R; Fischer, A; Stark, K; Wasserscheid, P; Arlt, W. International Journal of Hydrogen and Energy, 2016, 2209722103.
[3] Bessarabov et al. International Journal of Hydrogen and Energy, 2017, 42, 19, 13568-13588.
[4] Modisha et al. International Journal of Hydrogen and Energy, 2018, 43, 5637-5644
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Olefins and aromatics are currently one of the most important feed stocks in the chemical industry.
Dehydrogenation of alkanes to produce olefins has been conducted without the use of oxidants, like
air, but it has some disadvantages such as high operating temperatures due to the endothermicity of
this reaction, low conversion equilibrium limitations and coke deposition [1]. In this study, n-octane
will be dehydrogenated oxidatively (ODH), using air as an oxidant shown in the reaction equation
below.
CnH2n+2 + 0.5O2 → CnH2n + H2O ……..(1)
Supported vanadia catalysts have received considerable attention due to their enhanced activity and
selectivity in various oxidation reactions [2]. The aim of this study is to synthesize VMgO catalysts
using solution combustion synthesis (SCS) and to evaluate the effects introduced by using different
fuels during catalyst preparation, on their physical and chemical properties. SCS was demonstrated by
Kingsley and Patil [3] for the first time and its application has been shown to offer several advantages
such as short and facile preparation, provision of porous materials, formation of solid solutions,
formation of defect sites and, materials with high thermal stability.
Defect sites, like oxygen vacancies, can have a direct impact on the electronic and geometric
properties of a catalyst which in turn modifies the performances of the active sites [4]. Therefore,
characterizing these sites is important to probe the structure activity relationship in order to improve
catalytic performance.
These catalysts have been prepared and characterized using XRD, FTIR, HR-TEM and BET. XRD
and FTIR were used to identify different types of VOx species formed during the SCS of these
catalysts. EDX provided insights regarding the composition, as well as V dispersion in these catalysts.
Further characterization will be done using EPR, XANES and XPS to characterize and quantify the
amount of defect sites formed in these catalysts.
[1] Bux, M. Oxidative dehydrogenation of n-octane using vanadium based hydrotlcite –like compounds. School of chemistry. July 2010,
University of KwaZulu Natal. PhD thesis, Chemistry: 168.
[2] Li, Y; Wei, Z; Gao, F; Kovarik, L; Baylon, R. A. L; Peden, C.H.F. and Wang, Y. Catalysis American Chemical Society, 2015 , 5,
3006-3012.
[3] Kingsley, J.J. and Patil, K.C. Materials Letters, 1998, 6, 427
[4] Sun, Y; Gao, S; Lei, F. and Xie, Y. Chemical Society Reviews , 2015, 44, 623-636.
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Metal–support interactions are known to affect the activity of the active material [1]. In this work the
effect of activated carbon, alumina (Al2O3), silica(SiO2) and titania (TiO2) on NiO activity and
selectivity was investigated. The synthesized adsorbents (NiO/support) were characterised using
XRD, SEM, TGA and BET. XRD analysis revealed that calcination temperature was sufficient for
decomposing Ni(NO3)2 to produce NiO on all supports. TGA analysis revealed that addition of NiO
had no effect on sulphur-adsorbent bond strength for all other adsorbents except for alumina. For
alumina the sulphur-adsorbent bond strength was observed to increase. The TGA analysis also
showed that AC has many different active sites of different strength and these were attributes to many
metal contaminants observed using EDX. From all adsorbent only the NiO-SiO2 showed positive
synergy. This synergy lead to an increase in selectivity towards high molecular weight molecules i.e
4-MDBT and 4,6-DMDBT. Finally, when conventional diesel was used it was observed that the
addition of NiO on these supports lead to increase in activity at higher temperature than at low
temperatures. The higher activity was attributed to poor adsorption of polyaromatic hydrocarbon at
this temperature and increased involvement of NiO in chemical bonds formation.
Figure 1: Effect of loading NiO on AC and SiO2 at 60°C and atmospheric pressure

[1] S. Storsæter, B. Tøtdal, J.C. Walmsley, B.S. Tanem, A. Holmen, J. Catal. 236 (2005) 139-152.
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Catalyst design and development is one of the key factors in Fischer Tropsch Synthesis (FTS) that
needs immediate attention to exploit the pathway to eco-friendly and sustainable hydrocarbons fuels
and chemicals. The FT catalyst development transition from experimental work to pilot plant has been
stagnated by insufficient data available in literature and high operational costs for successful
implementations. Furthermore, one of the main challenges is optimizing the catalyst design and
development to improve its performance and thereby cut down on running costs to compete with
conventional refineries.
Moreover, a simpler preparation of the iron-based catalyst and cheaper sources of an acceptable
mechanical strength to reduce operational costs to plant shutdowns. Iron ore has been identified as an
ideal candidate for this purpose and will be tested in pilot plant operation. The current use of iron ore
for FTS is limited and inconclusive for upscaling, so the present study will attempt to elucidate these
gray areas and quantify its aptness for FT upscaling scale. The current investigation will evaluate the
structural qualities of the newly formulated catalysts during a typical Low Temperature (LT) FT
reaction conditions.
The key factors under scrutiny are the textural, chemical and physical properties of the proposed new
catalyst which are linked to its mechanical strength and overall FT performance. This will be achieved
by mechanical grinding of the iron ore and then doping it with Potassium and copper. Furthermore,
promoted catalyst will then be shaped into spherical pellets via tumbling action with varying binder
loadings and thereafter mechanical testing of pellets will follow to validate their applicability in large
scale fixed bed operations. This work will make a significant contribution towards lowering the costs
associated with regeneration of catalysts and plant shutdowns for iron-based FT catalysts. Thereby
bridge the gap in literature available for upscaling LTFT iron ore catalysis.
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Highly dispersed palladium based catalysts on a conductive support are commonly used as electrode
materials in low temperature fuel cells, particularly in direct alcohol fuel cells. The performance and
durability/stability of these catalysts strongly depend on the characteristics of the support material.
Carbon nanofibers (CNFs) as a support material were successfully synthesized employing a chemical
vapor deposition method using chicken oil as a starting material. CNFs obtained from waste chicken
fat offer a fascinating alternative to produce low cost fuel cell electrocatalysts. The Pd-Ru/CNFs
electrocatalyst was prepared by depositing Pd-Ru nanoparticles directly onto CNFs using alcohol
reduction method. The advantages and shortcomings of the Pd-based electrocatalysts are discussed.
The morphology and particle distribution on the CNFs were confirmed by SEM and TEM analysis.
XRD peaks confirmed that the carbon nanofibers were amorphous and Pd-Ru (111), (200), (220) and
(311) facets were observed in the Pd-Ru/CNFs electrocatalyst. XPS results showed the composition of
the prepared samples and oxidation states of Pd and Ru in Pd-Ru/CNFs electrocatalyst. The
electrochemical oxidation of ethanol and methanol was studied by cyclic voltammetry (CV),
chronoamperometry (CA) and electrochemical impedance spectroscopy (EIS). The Pd-Ru/CNFs
electrocatalyst exhibits superior performance towards the electro-oxidation of ethanol and methanol as
compared to the Pd/CNFs and commercial Pd/C electrocatalysts.
[1] Antolini, E. Appl. Catal. B Environ. 2010, 100, 413–426.
[2] Sadhasivam, T; Roh, S.H; Kim, T.H; Park, K.W and H.Y. Jung, Int. J. Hydrogen Energy. 2016, 41, 18226–18230.
[3] Suriani, A.B; Dalila, A.R; Mohamed, A; Isa, I.M; Kamari, A; Hashim, N, Soga, T and Tanemura, M. Mater. Res. Bull. 2015, 70, 524–
529.
[4] Carrión-Satorre, S; Montiel, M; Escudero-Cid, R; Fierro, J.L.G; Fatás, E; and Ocón, P. Int. J. Hydrogen Energy. 2016, 41, 8954–8962.
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Phenol-based compounds are important intermediates in the pharmaceutical industry and in the
synthesis of polymeric materials and natural products.[1] Initially, non-oxidative methods such as the
Sandmeyer reaction or nucleophilic aromatic substitution were used for the synthesis of these
functionalised phenols. However, the reactions involve harsh conditions and the presence of
functional groups on the substrates and therefore led to the development of hydroxylation reactions as
an alternative for the synthesis of these phenolic compounds.
Different metal-based catalyst systems have been reported for hydroxylation reactions. Initially
palladium-based catalyst systems were employed due to their catalytic efficiency, however, several
drawbacks were identified. These drawbacks include the use of expensive catalysts, air- and moisturesensitivity, high toxicity and finally also selectivity problems due to the formation of C-O coupling
by-products. As a result, these drawbacks have led to the growing demand to rather focus on the
development of several copper-based catalyst systems, due to their low toxicity and economical
attractiveness. Despite the comparable activity of these copper-based catalyst systems, high catalyst
loadings (10 to 20 mol %) were required. This drawback was addressed by Cazin and co-workers by
decreasing the catalyst load to 0.05 mol %.[2] They obtained TON values of 1640 for the
hydroxylation of iodobenzene under inert conditions. However, the objective is to develop a
copper-based catalyst system that can operate open to air.

Scheme 1: The copper-based catalyst system for the
hydroxylation of 4-iodotoluene to p-cresol.

Recently, alkyl-linked pyrazolyl-pyridine derived
monofunctional ligands, in combination with a nickel
catalyst, have been employed in catalytic ethylene
oligomerisation.[3] However, these ligands have not
yet been reported for hydroxylation reactions and
therefore they were expanded and employed in
combination with a copper catalyst (Scheme 1).
Modified synthesis methods for these ligands were
employed, which involved the alkylation of pyrazole
derivatives, followed by reductive amination and
methylation of the carboxaldehyde. As a result, these
monofunctional ligands differ with respect to the
substituents on both the pyrazole ring and the
alkylated N-atom.

Herein we report the synthesis of monofunctional secondary and tertiary alkyl-linked
pyrazole-pyridine ligands and their application in a Cu(I)-based catalyst system for the hydroxylation
of 4-iodotoluene to p-cresol, an important feedstock in the preparation of antioxidants (Scheme 1).
The reported Cu(I)/alkyl-linked pyrazole-pyridine/NaOH catalyst system was optimised by evaluating
the effect of variations in catalyst concentration, secondary (L01 and L02) and tertiary (L03 and L04)
alkyl-linked pyrazole-pyridine ligands as well as the reaction time on the conversion of 4-iodotoluene
to p-cresol.
[1] Tyman, J. H., Synthetic and natural phenols. Elsevier: 1996; Vol. 52.
[2] Songis, O.; Boulens, P.; Benson, C. G.; Cazin, C. S., RSC Adv., 2012, 2 (31), 11675-11677.
[3] S.O. Ojwach, I.A. Guzei, L.L. Benade, S.F. Mapolie, J. Darkwa, Organometallics, 28 (2009) 2127-2133.
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One of the major challenges facing humanity in the twenty-first century is related to water quality and
water quantity issues of which azo dye contamination is a concern worldwide. Azo dyes are
predominately used as synthetic dyes in food, textiles, paper, cosmetics, pharmaceuticals and printing
industries etc. Toxic azo dyes in drinking water affect human health and the ecosystem [1]. The
release of these dyes in water is of concern not only because of the colour but also due to the fact that
many azo dyes and their by- products are toxic to living organisms [2]. One of the technologies that
has been proven to be promising for the remediation of the dyes is the heterogeneous photocatalytic
oxidation. The complete degradation of dyes into small and harmless species without the use of
chemicals to avoid sludge disposal and production is one of the main advantages of photocatalytic
oxidation [3]. Hence, degradation of such dyes is of significant concern.
We herein report, a simple hydrothermal method for the preparation of titanium dioxide (TiO2)
followed by doping with Co and added with polymeric graphitic carbon nitride. The as-synthesized
TiO2-Co, TiO2-g-C3N4 and TiO2-Co-gC3N4 will be used for the degradation of selected azo dyes
(metanil yellow). This dye has been applied as a food colorant such as candies, drinks, ice creams,
spices etc, and it has been reported to be to damage important organs such as liver and kidney if 100
mg/kg is exceeded. The composites with high photocatalytic efficiency will be electrospun into
nanofiber using polyaniline and polyvinyl alcohol as polymers. The textile industrial water from
Johannesburg can be used for real water application. The as-synthesized nanocomposite and nanofiber
will be characterized using ultraviolet visible Spectroscopy (UV-vis), Fourier Transform Infrared
(FTIR), high resolution transmission electron microscopy (HRTEM), high resolution scanning
electron microscopy/ energy dispersive x-ray (HRSEM/EDX), photoluminescence spectroscopy (PL),
Brunauer–Emmett–Teller (BET), X-ray diffraction (XRD), X-ray photoelectron spectroscopy ( XPS)
and Raman spectroscopy. The reusability of nanocomposites and nanofibers can be conducted.
[1] Chang, J and Lin, C. Biotechnology Letter, 2001, 23, 631-636.
[2] Xu, H; Heinze, TM; Chen, S, Cerniglia, CE and Chen, H. Applied Environmental Microbiology, 2007, 23, 7759-7762.
[3] Dixit, A; Mungray, AK and Chakraborty, M. International Journal of Chemical Engineering Applied, 2010, 3, 247-250.
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Quantum confinement of semiconductor nanoparticles is a potential feature which can be interesting
for photocatalysis, and cadmium selenide is one simple type of quantum dot to use in the following
photocatalytic degradation of organic dyes. CdSe nanoparticles capped with polyvinylpyrrolidone
(PVP) in various concentration ratios were synthesized by the chemical reduction method and
characterized. The transmission electron microscopy (TEM) analysis of the samples showed that 50%
PVP-capped CdSe nanoparticles were uniformly distributed in size with an average of 2.7nm and
shape which was spherical-like. The photocatalytic degradation of methyl blue (MB) in water showed
efficiencies of 31% and 48% when using uncapped and 50% PVP-capped CdSe nanoparticles as
photocatalysts, respectively. The efficiency of PVP-capped CdSe nanoparticles indicated that a
complete green process can be utilized for photocatalytic treatment of water and waste water.
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Exothermic nature of Fischer Tropsch synthesis and the need to remove heat of reaction has prompted
continuous research to develop high thermally conductive catalyst to intensify effective heat transfer in
catalyst bed of catalytic reactors, especially fixed bed reactors as they are prone to thermal runaways.
Exothermicity of Fischer Tropsch synthesis is known to be ∆
165 /
consumed, so an
equivalent adiabatic temperature rise of 1600 calls for the effective removal of the heat of reaction
from the catalyst bed to avoid thermal hotspots that may lead to rapid deactivation of the catalyst.
Industrially, the use of high thermally conductive medium and catalyst support materials (conductive
packed foams, silicon carbide, aluminium oxide etc.) have been successfully tested and implemented at
industrial level. However, Pyrophyllite ( 2 4
2 ) as an alternative, high thermally conductive,
catalyst support material has the potential to be used to intensify heat transfer coefficient in the catalyst
bed. This paper provides a review of pyrophyllite as an alternative, high thermally conductive, catalyst
support material for iron. The paper focuses on pyrophyllite thermal conductive properties, mechanical
strength, interaction with iron active metal, pore sizes and distribution of pore sizes as they directly
influence catalyst activity, durability and selectivity.
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Since all materials have a magnetic signature (i.e. diamagnetic, paramagnetic, ferromagnetic etc.), the
behaviour of the material under the influence-of or due-to a magnetic field varies. Thus, magnetism
becomes a possible tool to enhance catalytic performance, an effect commonly referred to as the
magneto-catalytic effect [1]. While this phenomenon has been contested in theory [1-2], few
experimental studies have been conducted to understand the correlation between magnetism and
catalysis [3-4]. Using the UCT patented in situ magnetometer, the catalytic reaction response factors
(i.e. activity and selectivity) are studied as a function of the magnetic properties of the catalyst. These
include, the magnetic transition between ferromagnetic and paramagnetic ordering (Tc) as well as the
influence of an externally applied field.
Two catalyst systems were investigated for their magneto-catalytic response. (i) Nickel is well-known
as a methanation catalyst for carbon monoxide [4]. Nickel is ferromagnetic at room-temperature,
undergoing a transition to the paramagnetic state at a Curie temperature within the operating range of
the CO-methanation reaction (Tc ~ 358°C). This system is investigated with and without the presence
of a silica support. (ii) The novel zinc-doped cobalt ferric-molybdate (MoZCF: Mo/ZnxCo1-xFe2O3)
core-shell catalysts, have previously been studied for their methanol oxidation properties [5-6].
MoZCF is ferromagnetic, however the Curie temperature for these systems can be fine-tuned by
varying the amount of Zn-doped (x), between 0.35 – 0.45, Tc varies between 260 – 175°C.
b)
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Figure 1: a) in situ magnetometer with catalytic bed between two magnetic pole caps; b) Magnetic susceptibility
collapse (Curie temperature) of MoZCF for varying Zn.
[1] Selwood, P. Chemical Reviews, 1946, 38, 41-82.
[2] Lim, T; Niemantsverdriet, J. W. H and Gracia, J. ChemCatChem, 2016, 8, 2968-2974.
[3] Gao, L; Wang, C; Li, R; Li, R and Chen, Q. Nanoscale, 2016. 8, 8355-8362.
[4] Wang, L; Yang, H; Yang, J; Yang, Y; Wang, R; Li, S; Wang, H and Ji, S. Ionics, 2016. 22, 2195-2202.
[4] Sabatier, P and Senderens, J. Comptes Rendus Des Séances De L ‘Académie Des Sciences, 1902.
[5] Brookes, C; Wells, P.P; Cibin, G; Dimitratos, N; Jones, W; Morgan, D. J and Bowker, M. ACS Catal., 2014. 4, 243−250.
[6] Yaseneva, P; Bowker, M and Hutchings, G. Phys. Chem. Chem. Phys., 2011. 13, 18609–18614.
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Due to the diminishing of fossil fuels in the next decades from now and the breakdown of the global
environment, it is very important to discover advanced sustainable sources of energy. Huge utilization
of fossil fuels causes global warming which is one of the most important environmental issues which
arise from greenhouse gases such as carbon dioxide (CO2), methane (CH4) etc, in the atmosphere
[1,2]. Hydrogen is considered as one of the most promising element and an ideal fuel for the
upcoming generation that can be yield from clean and renewable energy sources such as biomass and
water. Photocatalytic reforming is process which is regarded as one of the most promising renewable
technologies which may be performed at ambient conditions by utilizing sunlight to yield hydrogen
[3].
(0.5,1,2,3,4,5,6, and 10wt%Ag/TiO2) catalysts were prepared by sol-gel method for photocatalytic
hydrogen production. 0.5wt. The structural and morphologic were investigated. Maximum hydrogen
yield was found to be 110564.2 μ mole/1g using 0.5wt%. Photocatalytic reactions were run and were
studied for 0.5wt%Ag/TiO2 for hydrogen production. The effect of butanol concentration Ag-TiO2
photocatalysts on hydrogen production from butanol is being investigated.

[1]. Büscher, B. 2009, "Connecting political economies of energy in South Africa", Energy Policy, vol. 37, no. 10, pp. 3951-3958.
[2]. Lu X, Xie S, Yang H, Tong Y, Ji H. Photoelectrochemical hydrogen production from biomass derivatives and water. ChemSoc Rev
2014;43:7581-93.
[3]. Kho, Y K. Iwase, A. Wey Yang Teoh, W, Y,Mädler, L. Kudo, A and Rose Amal.2010, “Photocatalytic H2 Evolution over TiO2
Nanoparticles. The Synergistic Effect of Anatase and Rutile” The Journal of Physical Chemistry C, vol 114, no.6, pp. 2821-2829
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Glycerol is a major by-product in the production of biodiesel. Recently, efforts have been made in
developing efficient electrochemical conversion technologies to produce value-added chemicals
and/or energy from biomass-derived oxygenates such as glycerol [1]. The electrocatalytic oxidation of
glycerol is a promising technology and has been considered a promising reaction for direct alcohol
fuel cells. Glycerol oxidation also produces valuable chemicals such as dihydroxyacetone,
glyceraldehyde and tartronic acid [2]. Dihydroxyacetone is used for its most remarkable application in
cosmetic formulation as a self-tanning agent, based on the Maillard reaction with amino groups of
human skin and is also a platform chemical for the electrocatalytic synthesis of acetone and 2propanol [1]. Glyceraldehyde is commonly used as an intermediate compound for carbohydrate
metabolism, while tartronic acid finds use in higher temperature applications and is an oxygen
absorber in the food industry [3]. Optimization of glycerol is important with the production of these
valuable chemicals which finds use in other reaction and pharmaceutical processes.
Supported catalysts (15wt.% CuO/CeO2; 15wt.% Co3O4/CeO2, 15wt.% Fe2O3/CeO2) were prepared
via wet impregnation. Characterization of the prepared catalysts was via ICP-OES to confirm metal
oxide loading, BET surface area measurements, x-ray powder diffraction (XRD) to confirm metal
oxide phases present, transmission electron microscopy (TEM) to determine particle size and
scanning electron microscopy (SEM) to study the surface morphology of the catalysts.
[1] Beltran-Prieto, J. C; Kolomaznik, K; and Pecha, J. Australian Journal of Chemistry, 2013, 66, 511.

[2] Garcia, C; Caliman, j; Ferreira, E. B; Tremiliosi-Filho, G; and Linares, J. J, ChemCatChem, 2015, 2, 1036.
[3] Fashedemi, O. O; Miller, H. A; Marchionni, A; Vizza, F; and Ozoemena, K. I; Journal of Materials Chemistry A, 2015, 3, 7145.
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The ZSM-5 and silicalite-1 catalysts were modified with (V, Fe) to produce a bimetallic system. The
sol-gel method was used to synthesise these catalysts. The ZSM-5 was further modified using the
ionic exchange method to yield 1.6Fe-ZSM-5(IE), 1.7V-ZSM-5(IE), 1.1Fe0.8V-ZSM-5(IE) and
0.4Fe1.2V-ZSM-5(IE). While silicalite-1 was modified using isomorphic substitution to give 1.7Fesilicalite-1, 1.8V-silicalite-1, 0.9Fe0.8V-silicalite-1 and 0.3Fe1.3V-silicalite-1. Only the ZSM-5 phase
was observed from the XRD results in all synthesised catalysts. All synthesised catalysts were tested
in the oxidation of n-octane in liquid phase using H2O2 as the oxidant in MeCN solvent at 80 °C. The
oxidation results showed that the conversion of n-octane increases with the increasing vanadium
content while the selectivity to terminal products decreases with increasing vanadium content in FeZSM-5 system. The highest conversion achieved was 6.6 % with selectivity to terminal oxygenates of
12 % using 1.7V-ZSM-5(IE) and the highest terminal selectivity achieved was 31 % at a conversion
of 1.7 % using 1.7Fe-ZSM-5(IE). In contrast to the two above mentioned ZSM-5 catalysts, 1.8Vsilicalite-1 gave the highest terminal selectivity of 22 % and the lowest conversion of 1.5 %, while
1.6Fe-silicalite gave the highest conversion of 2.9 % with relatively low terminal selectivity of 17 %.
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The hydrogenation of aldehydes is commonly used in industry for the production of alcohols. A range of
heterogeneous metal supported catalysts may be used for the reaction. It has been reported that metals
supported on silica, alumina or a combination of both are often used industrially as catalysts. [1-2] The
metals that have been reported to be active for aldehyde hydrogenation include copper chromite (Cu-Cr),
cobalt-, nickel- and copper-based catalysts.[3] Commercial plants worldwide use the copper-chromite
catalyst for the hydrogenation reaction.[4] However, a major problem related to the copper chromite
catalyst is the difficultly in its preparation associated with its toxicity.[5] This also raises concerns with
the disposal of the spent Cu-Cr catalysts due to the presence of Cr (VI). European legislation has required
the content of hexavalent chromium to be lower than 1 ppm in chemical streams due to environmental and
health concerns to humans. This then implies that alternative catalysts to the industrially used Cu-Cr
catalyst are being sought. Of the metals active for aldehyde hydrogenation, cobalt was chosen for this
work. Despite the higher costs associated with cobalt, it could offer a more environmentally friendly
alternative. Supported cobalt is well known for the selective Fischer-Tropsch reaction where some
alcohols can be produced from syngas. Additionally, it has been shown to activate the C=O bond in the
selective hydrogenation of α, β unsaturated aldehydes.[6]
In this work, three cobalt-based catalysts supported on either alumina or silicon-modified alumina (1.6 wt.
% and 2.4 wt. % Si) were prepared and contained approximately 20 wt.% cobalt. The main purpose of this
investigation was to study whether the presence of silicon in the support had an effect on the properties
and catalytic performance of the cobalt-based catalyst. The supports and catalysts were characterized using
various techniques. Isopropylamine-Temperature Programmed Desorption (IPA-TPD) showed that the
inclusion of increasing amounts of Si into the γ-Al2O3 support resulted in an increase in the total number
of Brønsted acid sites. Additionally, the strength of the weak acid site was altered when Si was present.
The cobalt was well distributed within the pre-shaped alumina supports despite its large pellet size (5 x 5
mm). It was also observed that the presence of increasing amounts of Si did not significantly influence the
cobalt reducibility (see Fig. 1). These catalysts will be tested for their activity and selectivity in octanal
hydrogenation using a fixed bed micro reactor.

Figure 1: In-situ powder X-ray diffraction-temperature programed reduction (PXRD-TPR) data.
[1] Saadi, A. Merabti, R. Rassoul, Z and Bettahar, M.J.Mol.Catal.A: Chem, 2006, 253, 79-85.
[2] Jasik, A.Wojcieszak, R. Monteverdi, Monteverdi, Ziolek, M and Bettahar, M. J.Mol.Catal.A: Chem, 2005, 242, 81-90.
[3] Logsdon, E. Loke, R.Merriam,J and Voight, R. 1988,US Patent No. 4,762,817.
[4] Prasad, R and Sing, P. Bull. Chem. React. Eng.Catal, 6(2), 2011, 63-113.
[5] Baruthio, F. The Humana Press, 1991, 145-153.
[6] Pouilloux, Y. Autin, F. Piccirilli, A. Guimon, C and Barrault, J. Appl. Catal.A 169, 65-75.
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Fischer carbenes have been explored mainly for their usefulness in the synthesis of organic and
natural products in the past. These metal carbene complexes have been further investigated in
metathesis catalytic processes and poor activity has been reported [1]. Very few catalytic studies on
any other transformations using Fischer carbenes have been reported to date. The focus of our study
was to apply the novel Fischer carbene complexes synthesized to metal specific catalytic processes.
Novel Fischer carbene complexes with phenyl ethylene substituents were synthesized and click
reactions with azide precursors used to form triazolyl substituted carbene complexes of tungsten and
chromium metals [1,2].Classically cycloaddition reactions include the use of different solvents such
as THF, at high temperatures which resulted in low yield and two regioisomeric products [3]. In our
study, inert, mild and solvent free conditions were explored. The conditions of solvent free reactions
resulted in one regioisomeric product which is advantageous to catalytic studies [2,3]. The [3+2]
cycloaddition product was obtained using aryl azide as nucleophile which attacked the phenyl
ethylene substituent of the Fischer carbene as a dienophile. Further studies will focus on the effect of
the electron withdrawing substituent (4-nitrobenzyl) on the catalytic activity of the triazolyl Fischer
carbenes compared with ones without electron withdrawing substituents (benzyl, cyclohexyl). The
electron withdrawing groups on the aryl azide resulted in low yields of these metal complexes
compared to ones without the electron withdrawing group [2]. Density functional theory (DFT)
calculations will be done to gain depth understanding of catalytic activity. Aminolysis of the ethoxy
triazolyl Fischer carbenes was done using ammonia gas. The catalytic activities of the ethoxy Fischer
carbine complexes and aminocarbene complexes will be compared.

[1] Fischer, E.O. Maasböl, A. Angewandte Chemie, 1964, 8, 580-582.
[2] Chakraborty, A. Dey, S. Sawoo, S. Sarkar, A. Organometallics. 2010, 23, 6619-6617.
[3] Dötz, K.H. Angewandte Chemie, 1984, 8, 587-597.
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The effect of microwave radiation on the prepared 0.5Fe/ZSM-5 catalysts as a post-synthesis
modification step was studied in the methanol-to-hydrocarbons process using the temperatureprogrammed surface reaction (TPSR) technique. This was achieved by preparing a series of
0.5Fe/ZSM-5 based catalysts under varying microwave power levels (0–700 W) and over a 10 s
period, after iron impregnating the HZSM-5 zeolite (Si/Al = 30 and 80). Physicochemical properties
were determined by XRD, SEM, BET, FT-IR, C3H9N-TPSR, and TGA techniques. It was found that
microwave radiation induced few changes in the bulk properties of the 0.5Fe/ZSM-5 catalysts, but
their surface and catalytic behavior were distinctly changed. Microwave radiation enhanced
crystallinity and mesoporous growth, decreased coke and methane formation, decreased the
concentration of Brønsted acidic sites, and decreased surface area and micropore volume as the
microwave power level was increased from 0 to 700 W. From the TPSR profiles, it was observed that
microwave radiation affects the peak intensities of the produced hydrocarbons. Application of
microwave radiation shifted the desorption temperatures of the MTH process products over the
HZSM-5(30) and HZSM-5(80) based catalysts to lower and higher values, respectively. The MeOHTPSR profiles showed that methanol was converted to DME and subsequently converted to aliphatic
and aromatic hydrocarbons. It is reasonable to suggest that microwave radiation would be an essential
post-synthesis modification step to mitigate coke formation and methane formation and increase
catalyst activity and selectivity.
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As the demand for energy increases, environmental concerns such as global warming are also on the rise.
Fischer-tropsch synthesis (FTS) is a key technological process used for energy production whereby carbon
monoxide is catalytically hydrogenated to give hydrocarbons that are used for the production of energy,
fuels and chemicals. [1] One green chemistry initiative is to undertake optimization studies to enhance the
selectivity and activity FTS.
Hydrogen spillover is the surface diffusion of dissociated hydrogen ions from a dissociating surface to
another that is non-dissociating under the same conditions. [2] The process is shown schematically in fig.
1B. [3] The selectivity of the hydrogen spillover process has been well recorded for bi-metallic systems of
FTS catalysts, which are usually maintained at a minimum loading ratio of 20:1 of the accepting metal
precursor to the dissociating promoter. The efficiency of hydrogen spillover process is dependent on
choice of support and distance between the metals of the bi-metallic systems. Ruthenium (Ru) metal has
been found to be a good promoter for cobalt (Co) FT catalysts due to the synergistic effect of the Co-Ru
system. The ruthenium has high affinity for hydrogen dissociation thus enables with ease, the reduction
of the cobalt precursor through hydrogen spillover. Pristine hollow carbon spheres (HCSs) as supports for
Co-Ru catalysts have shown that slow spillover of hydrogen occurs when the metals are not in direct
contact. The limit in spillover has been attributed to electron conductivity of the support. Through nitrogen
doping, that is the incorporation of heteroatoms nitrogen within the matrix of HCSs (fig. 1A), the
electronic conductivity of carbon supports is enhanced. [4-5]
Herein, N-doped HCSs have been used as a model support for Co-Ru systems for FTS reactions. We
report the effect of nitrogen doping on the spillover effect especially during indirect contact between the
catalyst and promoter metals.

A

B

[1] Delgado, J. A; Claver, C; Castillón, S; Curulla-Ferré, D; Ordomsky V. V and Godard, C. Applied Catalysis A, 2016, 513, 39-46.
[2] Prins, R. Chem. Rev. 2012, 112, 2714-2738.
[3] D. Nabaho, D; Niemantsverdriet, J. H; M. Claeys , M and van Steen, E. Catalysis Today, 2016, 261, 17-27.
[4] Phaahlamohlaka, T. N; Kumi, D. O; Dlamini, M. W; Forbes, R; Jewell, L. L; Billing D. G and Coville N. J. ACS Catalysis, 2017, 7, 15681578.
[5] Matsoso, B. J; Ranganathan, K; Mutuma, B. K; Lerotholi, T; Jones, G and Coville, N.J. RSC Adv., 2016, 6, 106914.
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CO2-mediated oxidative dehydrogenation (CO2-ODH) is a promising alternative route for production
of the high-demand ethylene through simultaneous activation of the less valuable ethane and the
greenhouse gas CO2. Therefore, the process may also be useful for the reduction of CO2 emissions
since this gas serves as an oxidant that is co-activated to CO (a platform chemical). When efficiently
dissociated, CO2 can also supress catalyst coking through the reverse Boudouard gasification reaction.
CO2-ODH has been extensively investigated on metal oxide catalysts such as CrOx and GaOx based
materials that exhibit high selectivity for ethylene but low yields and limited catalyst stabilities at
necessary CO2: ethane ratios [1-2].
The lower stability of these traditional catalyst materials could be due to their failure to act as
multifunctional catalysts that can prevent carbon build-up via the dissociation of the CO2 oxidant
while efficiently co-activating the ethane reactant. Recent Density Functional Theory (DFT)
simulation studies [3] suggest that bimetallic alloy surfaces of transition metals such as Fe, Co and Ni
may represent superior catalysts for CO2 dissociation compared to their monometallic counterparts.
Therefore, it is conceivable that bimetallic alloys as components of the traditional metal oxide
catalysts, can enhance the catalytic performance (stability) during CO2-ODH of ethane by promoting
CO2 dissociation [4]. Furthermore, metal oxides are used as catalysts for CO2-ODH of ethane due to
their ability to participate in a redox mechanism that activates ethane during the reaction. This redox
property depends strongly on or is interconnected with the Lewis acid base properties of the metal
oxide type catalysts [5-6]. Thus, variation of the metal oxide Lewis acid-base properties also
influences the catalytic performance of the catalyst material.
In this study, novel catalyst materials with Fe and Ni bimetallic nanoalloys deposited/supported on
metal-oxide over-layers coated on a common γ-Al2O3 carrier are synthesized for application in CO2ODH of ethane. These materials will allow control of the Lewis acid-base properties of the oxidic
phase and oxide-alloy interfaces and the size and metallic compositions of the anchored Fe and Ni
nanoalloy component independently. These properties are expected to influence CO2-ODH of ethane.
In this regard, the synthesis and characterization results of the catalysts as well as the performance of
selected metal-oxide over-layer supports under CO2-ODH conditions will be presented.
[1] S. Deng, S. Li, H. Li, Y. Zhang. Ind. Eng. Chem. Res., 2009, 48, (16) 7561-7566.
[2] N. Nimura et al. Catal. Comm., 2002, 3, 257-262.
[3] J. Ko, B.-K. Kim, J.W. Han. J. Phys. Chem. C., 2016, 120, (6) 3438–3447.
[4] M. Myint et al. J. Catal., 2016, 343, 168-177.
[5] J. C. Ve´drine. Topics. Catal., 2002, 21, 1-3.
[6] C.A. Carrero et al. ACS Catal., 2014, 4, 3357-3380
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Gold is an active WGS catalyst and it is also an active hydrogenation catalyst. It has been shown to be
a promising reduction promoter in FTS catalysts [1]. In cobalt-based catalysts the modification with
gold promoted reduction of cobalt oxide at lower temperatures with a multi-fold increase in catalyst
productivity. An increase in CO conversion with high selectivity towards C5+ hydrocarbons was
observed on addition of a small quantity of gold up to 1.5%, this observation exhibited the effect
observed when noble metals such as Pt, Ru and Re are used as promoters [2]. A recent study on a
ternary catalyst with formulation of Ni-Co-Fe/C modified with 5% gold showed an increase in
selectivity towards both gasoline and diesel fractions while methane and carbon dioxide selectivity
decreased and the amount of water produced decrease by almost half [3]. There are however few
reports on gold promoter in iron-based catalysts for FTS, and ample opportunity exists to establish
some key characteristics of the Fe-Au catalyst formulation as a viable catalyst in FTS. A considerable
number of studies have been undertaken with focus on novel FT catalysts and modification of
traditional FT catalysts for improved performance and resistance to deactivation during FT reaction.
A number of studies have demonstrated that the method of catalyst synthesis adopted has significant
effect on catalyst performance under controlled reaction conditions, furthermore catalyst
modifications have been shown to play a major role in determining the activity and stability of the
catalyst material [6].
This proposed work is a comparative investigation of the activity and selectivity of precipitated ironbased catalysts when gold is used as a promoter. Although literature on gold under Fischer–Tropsch
Synthesis (FTS) conditions is limited, some studies have reported that gold promoter improves
selectivity towards high molecular weight hydrocarbons while acting as a good reduction promoter
(Ahmad et al., 2013). The use of gold promoter is of particular interest since gold has shown activity
in CO and CO2 hydrogenation [1,2]. It is well known that addition of alkali metals on iron-based
catalysts improves selectivity towards C5+ hydrocarbons and suppresses undesired methane formation.
Therefore, the following assertions can be made that: (1) The addition of gold in precipitated iron base
catalyst will increase reducibility of iron oxide to metallic iron (2) Since both iron and gold exhibit
WGS activity, undesired water production will be largely suppressed (3) Gold modification of an
alkali promoted iron-silica base catalyst will increase selectivity towards C5+ hydrocarbons while
methane formation is decreased.

[1] Jacobs, G., Ribeiro, M.C., Ma, W., Ji, Y., Khalid, S., Sumodjo, P.T. and Davis, B.H., Applied Catalysis A: General, 2009, 361, 137151.
[2] Jalama, K., Coville, N.J., Xiong, H., Hildebrandt, D., Glasser, D., Taylor, S., Carley, A., Anderson, J.A. and Hutchings, G.J., Applied
Catalysis A: General, 2011, 395, 1-9.
[3] Aluha, J. and Abatzoglou, N., Gold Bulletin, 2017, 50, 147-162.
[4] Arsalanfar, M., Mirzaei, A.A., Bozorgzadeh, H.R., Samimi, A. and Ghobadi, R., Journal of Industrial and Engineering Chemistry,
2014, 20, 1313-1323.
[5] Tijm, P.J.A., Waller, F.J. and Brown, D.M., Applied Catalysis A: General, 2001, 221, 275-282.
[6] Hutchings, G.J. and Haruta, M., Applied Catalysis A: General, 2005, 291, 2-5.
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Syngas (ratio 1:2) activation for 15% Co/Al2O3 gave comparable results to H2 reduced catalyst. In-situ
XRD was used to reduce cobalt on alumina with CO, H2 and syngas, in separate runs and the results were
compared. Reduction was done at atmospheric pressure, 450ᵒC, and 2ml/min. Reduction occurred in two
successive steps for all gases, firstly, the oxide was reduced to CoO and then CoO to metallic fcc cobalt.
Complete reduction to fcc Co was achieved with H2 reduction and traces of fcc Co were seen with syngas
and CO activation even though the reduction was incomplete. Hcp cobalt was not seen for all gases, this
could be that the peak is hiding behind some of the peaks and/or it is not present. Researchers activating
with CO-rich syngas have reported hcp Co being formed, which is believed to be more active for FT and
also explains the sudden increase in CO conversion during FT with fcc Co being changed to hcp Co when
syngas is introduced [1&2]. This is still a matter of debate, CO hydrogenation experiments will be
conducted to prove this. With that being said, metallic fcc cobalt started appearing at 310ᵒC for H2 and
320ᵒC for syngas whilst for CO it came around 390ᵒC. Even though H2 remains the better activating
agent, the results obtained are comparable to that of syngas, 10ᵒ higher and if syngas can be used as both
activation and reaction gas, it will potentially drop the capital and operating cost of the plant, especially
for a small plant.
FTS experiments will be conducted for three reactors under the same operating conditions for an extended
period with the gaseous product analyzed. This will determine which activation gas leads to better
catalytic performance and better product distribution. The research results may also provide valuable data
for the process design of the FTS.

[1] Gnanamani, M.K., Jacobs, G., Shafer, W.D. and Davis, B.H., 2013. Fischer–Tropsch synthesis: Activity of metallic phases of cobalt
supported on silica. Catalysis today, 215, pp.13-17.
[2] Liu, J.X., Su, H.Y., Sun, D.P., Zhang, B.Y. and Li, W.X., 2013. Crystallographic dependence of CO activation on cobalt catalysts: HCP
versus FCC. Journal of the American Chemical Society, 135(44), pp.16284-16287.
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Recently, there has been a need for alternative liquid fuels techniques as a result of diminishing
and declining quality of petroleum reserves. Fischer Tropsch synthesis (FTS) in the presence
of a suitable catalyst presents a method in which carbon monoxide and hydrogen can be
converted into clean hydrocarbons. Various methods for catalyst preparation will be used i.e.
precipitation, incipient wetness impregnation and modified sol-gel as a way of acquiring
diverse deposited iron, Fe sizes on the zeolite support. In order to understand whether the
modifications, created by various reductants on zeolite supported Fe catalyst give differences
in selectivity and activity results, activation sites being H2, CO and syngas will be investigated
and characterised using X-Ray Diffraction (XRD), Transmission Electron Microscopy (TEM),
Temperature Programmed Reduction (TPR) and Thermogravetric analysis (TGA). This will be
used to find the relationship between the catalytic performance and the physio-chemical
properties of the catalyst. This paper also intends to illustrate the effects of reduction at different
temperature, pressure and H2/CO ratios.
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The shape control of nanoparticles (NPs) is an important factor in catalysis, as the presence of
different crystallographic facets in NPs affects their catalytic activity and selectivity [1]. The
production of hydrocarbons and oxygenates with the Fischer Tropsch FT reaction requires an active
catalyst with a high selectivity towards the desired products [2]. Rhodium (Rh) catalysts are highly
selective towards oxygenates, which enhance fuel octane ratings and increase gasoline oxygen levels,
which leads to cleaner combustion [3].
It is believed that the catalytic performance of Rh NPs is largely determined by the NP shape [4].
However, there is still much work to be done to clarify how the Rh NP shape affects the catalytic
performance of the NPs in the FT reaction.
Three shapes of Rh NPs have been prepared using a colloidal, one pot heating method as described in
[5], namely cubes, triangular plates and icosahedra. The TEM images of the 3 different samples are
provided and compared to those of [5]. In addition, the XRD pattern of each NP sample is provided.
It is hypothesised that NP shapes with a high degree of branching and anisotropy will show the best
catalytic performance for the FT reaction. The stepped sites have been shown to be more active for
the FT reaction due to the low co-ordination number of the atoms [6].

[1] Cuenya, B. R. Thin Solid Films, 2010, 12, 3127–3150.
[2] Filot, I. A. W.; Shetty, S. G.; Hensen, E. J. M.; and Van Santen, R. A. Journal of Physical Chemistry , 2011, 29, 14204–14212.
[3] Petrisor, I. G. Environmental Forensics, 2006, 2, 103–104.
[4] Yang, N.; Medford, A. J.; Liu, X., Studt, F.; Bligaard, T.; Bent, S. F. and Nørskov, J. K. Journal of the American Chemical Society,
2016, 11, 3705–3714.
[5] Biacchi, A. J. and Schaak, R. E. ACS Nano, 2011, 10, 8089–8099.
[6] Valero, M. C. and Raybaud, P. Journal of Physical Chemistry, 2014, 118, 22479-22490.
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The aim of this study is to introduce functionalized carbon dots (Cdots) as potential inverse support
for iron-based Fischer-Tropsch catalysts and study their metal support interaction using in situ XRD.
Since there is no reported literature on carbon inverse support for F-T process. Cdots have a particle
size of less than 10 nm; therefore, they can potentially be a good inverse carbon support for F-T
process [1, 2]. The Cdots were synthesised from Ascorbic acid using microwave-assisted reaction [3].
The Ascorbic acid consists of oxygen containing functional groups that can potentially be at the
surface of the Cdots [3]. The physiochemical properties of the Cdots were studied using FTIR and
TGA to determine the surface functional groups of the Cdots that will be acting as "ligands" to the
iron oxide. The Fe/Cdots complex were then be encapsulated in hollow carbon spheres (HCSs) to
avoid clustering of the complex under Fischer-tropsch (F-T) condition as there will have small
average particle sizes. Their metal support interaction (MSI) was studied by in situ XRD to determine
the temperature at which the metal oxide is reduced to its metallic form.The Fe/Cdots@HSC activity
will be studied under F-T condition.
[1] Liu, H., Zhang, L.,Yan, M. and Yu, J. J. Mater. Chem. B, 2017, 5, 6437-6450.
[2] Jelinek, R. Springer International Publishing Switzerland, 2017, 1-129.
[3] Tauster, S. J., Fung, S. C., Baker, R. T. K. and Horsley, J. A. Science, New Series. 1981, 211, 1121-1125.
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Plants (terrestrial and marine) have long been well-known for their capacity to take up metals from
contaminated soils or aqueous waste.[1,2] Although the ability of plants and seaweeds has been
acknowledged for their potential in environmental clean-up, this method has yet to be fully exploited.
The use of plant extracts, algae, bacteria and viruses to form metallic nanoparticles has shown
enormous promise in catalytic reactions.[3-5] However, under certain reaction conditions where
bacteria are not established, or where cultures require extensive maintenance, issues in forming
nanoparticles are presented e.g. catalyst poisoning by sulfur.[5] This precludes the organisms use in a
variety of fields. Metal salts taken up by living plants and seaweeds are easily reduced, offering a
possible route to the synthesis of metallic nanoparticles. Drawbacks of using live organisms to
synthesize nanoparticles includes the extraction of these nanomaterials from the biomass. These
processes are often laborious and energy intensive, and more importantly they can often destroy the
nanoparticle structure.[4] In this work, gold and palladium nanoparticles were prepared using a living
green seaweed, Ulva armoricana. The prepared nanoparticles could be used, without further
processing, as effective catalysts in reduction and Suzuki-Miyaura carbon-carbon coupling reactions.

[1] Salt, D.E.; Blaylock, M.; Kumar, N.P.; Dushenkov, V.; Ensley, B.D.; Chet, I.; Raskin, I. Nature Biotechnology, 1995, 13, 468–474.
[2] Zhou, Y.; Yang, H.; Hu, H.; Zhang, F. Aquaculture, 2006, 252, 264– 276.
[3] Astruc, D.; Lu, F.; Aranzaes, J.R. Angewandte Chemie International Edition, 2005, 44, 7852–7872.
[4] Iravani, S. Green Chemistry, 2011, 13, 2638-2650.
[5] De Corte, S.; Hennebel, T.; De Gusseme, B.; Verstraete, W.; Boon, N. Microbial Biotechnology, 2012, 5, 5–17.
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Hydrogen can be produced through several methods. Currently, the majority of hydrogen is produced
from the steam reforming of natural gas, hydrocarbons and alcohols [1] and to smaller extent as byproduct from the chloralkali process. But water electrolysis has gained much attention, since it allows
the relatively quick and convenient production of pure hydrogen only from water and electricity [2].
Over the past few years, anion exchange membranes (AEMs) have been developed for
electrochemical system applications. They have been mainly used for alkaline fuel cells and in the
significant lesser degree have been applicated for water electrolysis [3]. AEM water electrolysis owns
all traditional alkaline water electrolysis advantages such as the usage of inexpensive non-noble metal
catalysts and stack materials (in contrast to the acidic polymer electrolyte membrane electrolysis) and
easy handling due to the relatively low temperatures. Moreover, AEM electrolysis allows to overcome
some considerable disadvantages of traditional alkaline electrolysis like the usage of high
concentrated and still low conductive alkaline solutions as it could operate at relatively low KOH
concentration (1-2 mole l-1 KOH solution or even pure water) without the electrolyte carbonization
process occurring.
Although AEM-based water electrolysis technology is promising, not much research has been carried
out to date and the information on the electrolysis performance, hydrogen yield and purity is currently
not enough [4].
At presented work several commercially available membranes were studied in AEM electrolysis
process using the nickel-based electrolysis cell with 5 cm2 working surface area and non-noble metal
catalysts (NiFeCo and FeNiO4 as cathode and anode catalyst, respectively). The different membranes
resistance and its dependence on the KOH concentration and operating temperature were investigated.
Great attention was paid to the purity of generated hydrogen (intrinsic purity, without any auxiliary
used) and the hydrogen yield. Also, the capability of tested membranes to operate only with pure
water feeding without KOH was demonstrated and evaluated.
Acknowledgements
This study was financially supported by Russian Federation President Fellowship to study abroad in
2017/18 academic year. Authors thankfully acknowledge HySA Infrastructure at NWU for providing
laboratory facilities.
[1] Holladay, J.D., Hu, J., King, D.L., Wang, Y. Catal. Today, 2009, 139, 244-260.
[2] Carmo, M., Fritz, D. L., Mergel, J., Stolten, D., Int. J. Hydrogen Energy, 2013, 38, 4901-4934.
[3] Vincent, I., Bessarabov, D. Renew. Sust. Eenerg. Rev., 2017, 81, 1690-1704.
[4] Vincent, I., Kruger, A., Bessarabov, D. Int. J. Hydrogen Energy, 2017, 42, 10752-10761
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Diesel fuel has been found to contain highly concentrated sulphur compounds which have bad impact
economically, environmentally and health wise. Sustainable processes such as adsorption, extraction,
oxidation, and bioprocessing have been investigated to supplement the conventional
hydrodesulphurization (HDS) process to reduce these toxic sulphur compounds to match the required
regulations. Among these, adsorption desulphurization (ADS), is considered to be one of the promising
processes which is carried out under atmospheric conditions.
An activated carbon was used as an adsorbent because of the high adsorption capacity and selectivity of
sulphur compounds such as alky dibenzothiophenes which are difficult to be removed by HDS under
ambient conditions. The low cost activated carbon was synthesised from Amarula waste that have been
found to possess high porosity and larger surface area on its natural state. Both the microwave and
conversional heating methods via pyrolysis and physicochemical activation processes were carried out to
produce different kinds of activated carbons in our lab. A group of experimental ADS was conducted to
remove the sulphur from the model diesel and the commercial diesel by using a Fixed bed reactor (FBR)
and a batch reactor with magnetic stir. The effect of reaction conditions (Feeding flow rate, temperature,
adsorbent quantity, and particle size) on the sulphur removing capacity was investigated. The experimental
data was analysed, compared, and simulated. Then the fresh and used adsorbents was characterised.
Finally, an optimal adsorption process that reduces sulphur pollutants was deduced resulting in
economically portable and environmental benign.

129

PP 60

Investigating various flow field designs for optimal PEMWE current and
temperature density distribution profiles
Carel Minnaara and Dmitri Bessarabova
a

HySA Infrastructure, North-West University, Hoffman Street, Potchefstroom, 2531, South Africa, E-mail:
carelminnaar@gmail.com.

Keywords: electrolyser cell, flow field design, current density, temperature density, polarisation curve,
electrochemical impedance spectroscopy.

In this work, various flow field designs were fabricated at HySA Infrastructure internally and tested in a
proton exchange membrane (PEM) electrolyser cell of the 25cm² area. While large PEM fuel cells have
separate flow fields for both reactant and coolant transport, the anode in the PEM electrolysis cell can
serve the purpose of both due to the water feed being on this side of the cell [1]. For this reason and the
purpose of ensuring an even workload distribution across the surface of the cell, flow field design should
be optimized to ensure sufficient flow rate through all channels, proper thermal management, proper
contact surface with the gas diffusion layer (GDL) for optimal electrical conductivity and effective transfer
of the reactants to the PEMEC outlet [2]. To investigate which designs meet these criteria, the effect of
different flow field designs were tested in terms of current density distribution, polarization curves and
electrochemical impedance spectroscopy (EIS) to ensure sufficient and equal utilization of all areas within
the PEMEC. Overall effect of temperature on PEMEC performance was also analysed by thermally
analysing and mapping out the anode temperature distribution as it is well known that a higher operating
temperature leads to a significant improvement in efficiency [3] due to better EIS and current density
performance. It was found that current density tends to be higher at the anode inlet due to less gas bubbles
being present, which can also be observed in the temperature mapping as a lower temperature at the inlet
of the cell. During testing, some designs have been found to attain a current density well in excess of
5A/cm².
Table 1: Various flow field dimensions tested.
Anode / cathode flow field dimensions (in mm)
Plate 1

Plate 2

Plate 3

Plate 4

Plate 5

Plate 6

Plate 7

Landing Length

45.11

45.14

1.78

45.17

46.66

1

Landing Width

1.78

1.78

1.78

1.78

1.78

80.296

80.36

3.168

80.36

83.05

45.11
0.73 /
1.78
56.61

14

14

14 × 14

14

14

14

14 × 14

1123.64

1130.43

621

1135.82

1162.77

792.54

196

1

1

1

1

1

1

1

1.553

1.553

1.553

1.553

1.553

1.553

1.553

1198.5

1192.1

1701.6

1186.6

1159.4

1544.6

2127

Landing Area (mm²)
No. of Landings
Total Landing Area
(mm²)
Channel Depth
Channel Width
Total Channel Area
(mm²)

1
1

[1] Toghyani, S., et al. (2018). "Thermal and electrochemical analysis of different flow field patterns in a PEM electrolyzer." Electrochimica
Acta 267: 234-245.
[2] Olesen, A. C., et al. (2016). "A numerical study of the gas-liquid, two-phase flow maldistribution in the anode of a high pressure PEM water
electrolysis cell." International Journal of Hydrogen Energy 41(1): 52-68.
[3] Oi, T. and Y. Sakaki (2004). "Optimum hydrogen generation capacity and current density of the PEM-type water electrolyzer operated only
during the off-peak period of electricity demand." Journal of Power Sources 129(2): 229-237.
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Hydroformylation is an industrially important process for the conversion of olefins to aldehydes using
transition metal precatalysts.[1] Aldehydes are starting material for vast number of organic
compounds such as amines, flavorants [2], surfactants and plasticizers.[3-4] Homogeneous PPh3modified rhodium precatalyst such as [RhCl(CO)(PPh3)2] were shown to have superior activities and
regioselectivity compared to cobalt complexes for hydroformylation of 1-olefins.[5]
In this work, Rh(I) complexes with hydroxybenzylideneimine benzoic acid [6-7] and -naphthoic acid
ligands have been synthesized (Figure 1). The catalysts were successfully used for hydroformylation
of 1-octene to linear (80%) and branched (20%) aldehydes. The activity and selectivity of the
catalysts were evaluated when varying the CO and H2 pressure, reaction time and temperature.

Figure 1: Rhodium (1) complexes.
[1] C.D Frohning, C.W Kohlpaintner, Applied homogeneous catalysis with organometallic compound, in:B. Cornils, W.A. Herrmann
(Eds.), A Comprehensive Handbook in Two Volumes, Vol. 1. Wiley-VCH, Weinheim, 1996, pp. 27.
[2] C.G Vieira, M.C de Freitas, K.C.B de Oliveira, A de Camargo Faria, E.N dos Santos, E.V Gusevskaya, Catal. Sci. Technol., 5 (2015)
960.
[3] M. A. Moreno, M. Haukka, T. A. Pakkanen, J. Catal., 215 (2003) 326.
[4] E. Mieczyn´ ska, A. M. Trzeciak, J. J. Ziłkowski, I. Kownacki, B. Marciniec, J. Mol. Catal. A., 237 (2005) 246.
[5] J.A Osborn, G Wilkinson, J.F Young, Chem. Commun., 17 (1965).
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The global energy crisis of increasing energy demand and the scarceness of existing fossil fuel supply,
paired with the CO2 emissions associated with conventional fossil fuel utilisation methods, necessitates
the need for alternative energy generation methods [1]. Hydrogen as energy carrier is seen as a promising
alternative and proposes the possibility of a low carbon energy system known as the Hydrogen Economy
[1]. No ready form of hydrogen is available and therefore hydrogen should be generated from other sources
[3] by means of hydrogen production methods such as steam methane reforming, electrolysis and
gasification [4]. Further purification of the produced hydrogen streams are commonly needed to enhance
the hydrogen purity [2] as such streams are commonly accompanied by various impurities such as CO,
CO2, N2, and CH4 [5]. Commercially available hydrogen purification technologies include pressure swing
adsorption (PSA), cryogenic distillation and membrane separation technologies [6]. Membrane processes
are more favourable due to their low energy intensity and continuous operation [6]. Apart from common
membranes used in hydrogen separation such as palladium membranes, electrochemical membranes is
seen as a promising separation technology as it can be used to effectively separate mixtures such as
H2/CH4, H2/CO2 and H2/N2 [7]. CO is known to be quite poisonous to the electrocatalyst (Pt) and high
temperature operation are known to supress the Pt-CO binding reaction resulting in higher CO tolerance
[8]. High temperature operation also presents the advantage of no humidification pre-treatment of the feed
gas which is needed for low temperature membranes (e.g. Nafion) [8]. Therefore the performance of high
temperature polybenzimidazole based separation membranes was investigated in the presence of various
impurities. A gas chromatograph was used to analyse the hydrogen to impurity ratio of the purified
hydrogen stream and the performance of the electrochemical cell was analysed making use of polarisation
curves.

[1] Maddy, J; Niu, M; Zhang, F and Zhao, P. International Journal of Hydrogen Energy, 2016, 41, 14535-14552
[2] Cao, X; Li, P; Li, W; Liu, Y; Qiao, Z; Wang, J; Wang, S and Wang, Z. Journal of Membrane Science, 2015, 495, 130-168
[3] Baxter, L.L; Fazlollahi, F; Iranshahi, D; Klemeŝ, J.J and Saedi, S. Journal of Industrial and Engineering Chemistry, 2017, 49, 1-25
[4] Ghoshal, S.K and Sharma, S. Renewable and Sustainable Energy Reviews, 2015, 43, 1151-1158
[5] Nenoff, T.M and Ockwig, N.W. Chemical Reviews, 2007, 107, 4078-4110
[6] Adhikari, S and Fernando, S. Industrial & Engineering Chemistry Research, 2006, 45, 875-881
[7] Chen, W; He, G; Huang, S; Wang, T; Wu, X; Xiao, W; Yu, M and Zhang, F. Journal of Power Sources, 2016, 327, 178-186
[8] Chen, C; Chen, Y; Lai, W and Su, S. International Journal of Hydrogen Energy, 2014, 39, 13757-13762
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Silica has been ubiquitously used in research and industrial applications because of to its chemical
stability, affordability and its benign nature. [1] Surface modification can be carried to tune this unreactive
material into a good heterogeneous catalytic support. In this project, a flat model silicon wafer, fibrous
nanosilica (KCC-1) and SiO2 nano-powder are oxidized and hydrolysed to form reactive silanol groups
which subsequently act as anchoring sites to immobilize the active phase of the catalyst.
Silica surfaces were also modified with an amine based chelating agent; polyethylenimine (PEI). This was
followed by the deposition of PtCl2 (10 mM) in chloroform by wet chemical impregnation of both sets of
modified surfaces. The prepared catalysts were reduced to Pt0 nanoparticles by NaBH4 following
calcination at 250 ◦C. These measures were carried out to circumvent agglomeration that is normally
observed at high temperatures. [2] Characterization was done by Transmission electron microscopy (TEM),
Fourier transform infrared spectroscopy (FTIR), X-ray photoelectron spectroscopy (XPS), N2 sorption
techniques and Thermogravimetric analysis (TGA). The results showed that functionalized supports had
strong metal-support-interactions, increased stability and even better particle size distribution.
The prepared catalysts were used for hydrogenation of alkenes. By changing the reaction conditions and
tuning Pt particle to even smaller sizes, we hope to achieve selective hydrogenation of unsaturated
carbonyl compounds to corresponding alcohols. This could be of use in the synthesis of pharmaceuticals
and fine chemicals.

Figure 1 (a) Flat model Si-wafer with PtCl2, (b) XPS results of bound Pt, (c) TEM image of Fibrous silica

[1] A. Mobinikhaledi, H. Moghanian and S. Pakdel, Chinese Chemical Letters, 2015, 26, 557-563
[2] M. Dhiman and V. Polshettiwar, Journal of Materials Chemistry A, 2016, 4, 12416-12424
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Among the various methods developed for hydrogen production from renewable energy sources, water
electrolysis is considered as one of the most practical and flexible technology. In particular, polymer
electrolyte membrane (PEM) electrolysis offers a sustainable solution to produce hydrogen, which may
be coupled with intermittent renewable energy sources (e.g. wind and solar). However, the penetration
of PEM water electrolysis into industrial applications is slow due to the high costs of its components
including noble metals based electrocatalysts [1].
Thus, Ir (IrO2) is the most commonly used oxygen evolution reaction (OER) catalyst employed in
polymer electrolyte membrane (PEM) water electrolyzers but it is scarce and an expensive material and
depositing it on a support material with high surface area (like the deposition of the Pt nanoparticles on
carbon support in PEM fuel cells [2]) is an effective way to increase its utilization. Unfortunately, high
anodic potential and acidic environment tends to corrode carbon material during oxygen evolution
process [1] and the materials that can be used as supports are limited.
Magneli phase titanium oxides owns high electrical conductivity combined with excellent corrosion
resistance and, thus, are promising candidates for OER catalyst support. Moreover, its hypo-d-electron
character implies realization of electronic interactions with the hyper-d-electron Ir, leading to synergy
and improved efficiency [3].
In presented study Ir-based electrocatalysts supported on conductive titanium oxides were synthesized
by different methods and evaluated. Their activity and stability in oxygen evolution reaction were
evaluated by electrochemical approaches like cyclic voltammetry, rotating disk electrode voltammetry
etc. Moreover, titanium oxides supported catalysts were tested as anodes in PEM water electrolyzer cell.
The data related to the structure and morphology of the catalysts obtained using TEM, SEM, EDS etc.
are provided as well.
Acknowledgements
This study was financially supported by Russian Federation President Fellowship to study abroad in
2017/18 academic year. Authors thankfully acknowledge HySA Infrastructure at NWU for providing
laboratory facilities
[1] Carmo, M., Fritz, D. L., Mergel, J., Stolten, D., Int. J. Hydrogen Energy, 2013, 38, 4901-4934.
[2] Du, L., Shao, Y., Sun, J., Yin, G., Liu, J., Wang, Y., Nano Energy, 2016, 29, 314-322.
[3] Slavcheva, E., Borisov, G., Lefterova, E., Petkucheva, E., Boshnakova, I. Int. J. Hydrogen Energy, 2015, 40, 11356-11361.
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Surface reactions play an important role in catalytic research for the development of new catalysts for
industrial application. Since in most cases the final goal in the preparation or development of new
catalysts is to reach a high activity and selectivity, optimum design and efficient utilization of
catalysts require a thorough understanding of the surface structure and surface chemistry of the
catalytic material. In this study alumina was heat-treated to obtain different properties of the support
i.e. surface area and phase transformation. Support modification and catalyst preparation were
performed by applying the incipient wetness impregnation method, resulting in supports containing 4,
6 and 10 wt. % Mn. Selected modified supports were in addition impregnated with 2 wt. % Ru. The
support modification and catalyst preparation was done on both calcined and uncalcined alumina
support. Temperature Programmed reactions provides much of the information necessary to evaluate
catalyst materials in the design and production phases as well as after a period of use. Both the
modified and unmodified supports and the corresponding catalysts have been characterized by N2
adsorption, H2 chemisorption, X-ray diffraction, Brønsted acid sites - TPD CO2 TPD, TEM and
Fischer-Tropsch synthesis analysis in a slurry reactor at 25 bar, 230 ± 0,5 °C and H2/CO = 2,1. The
effect of total acidic and basic properties of the alumina support, the effect of Mn per support surface
area due to calcination, and the catalysts due to Ru impregnation on activity and selectivity of the
catalyst system will be presented in this talk.
Figures 1 and 2 below are results of are the brønsted acid sites, on both calcined and uncalcined
systems. The results clearly depict the influence of Mn modification and Ruthenium impregnation on
the properties of the catalysts.

Figure 1: Brønsted acidity – TPD of uncalcined system

Figure 2: Brønsted acidity – TPD of calcined system
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The use of bimetallic catalytic systems has been reported to enhance catalytic activity and selectivity
in various organic transformations. If the metal centres are in close proximity to each other,
cooperativity can take place between the two metals resulting, in improved turn over frequencies.[1]
The application of Rh(I) N,O catalyst precursors has been investigated in the hydroformylation of 1octene, but they have not been evaluated with other substrates. [2 - 4] Figure 1 shows the changes in
the product distribution with time using a binuclear Rh(I) N,O complex synthesised in this work. The
catalyst favours isomerisation of the terminal olefin prior to the hydroformylation reaction, and hence
the better selectivity for the branched aldehydes is observed. However, direct hydroformylation of 1octene to the linear product also occurs albeit at a slower rate than the isomerisation reaction.

Figure 1. Product distribution over time during the hydroformylation of 1-octene.

Herein, we report the synthesis, characterization and catalytic evaluation of two new Rh(I) bimetallic
complexes in the hydroformylation of methyl acrylate, ethyl acrylate, styrene and in branched
aldehyde selective hydroformylation of 1-octene and undecene.

[1] Broussard M. E., Juma B., Train S. G., Peng W., Laneman S. A., Stanley G. G., Science, 1993, 260, 1784-1788.
[2] Matsinha L. C., Mapolie S. F., Smith G. S., Dalton Transactions, 2015, 44, 1240-1248.
[3] Siangwata S., Chulu S., Oliver C. L., Smith G. S., Applied Organometallic Chemistry, 2016, 1-9.
[4] Siangwata S., Baartzes N., Makhubela B.C.E., Smith G. S., Journal of Organometallic Chemistry, 2015, 796, 26-32.
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