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Page 2 – Project Description 

 

Scientific Excellence 
(500 words) 

Hydrogen is considered vital to future energy supply, 
providing a clean and sustainable fuel source. 
Photocatalysis allows the direct conversion of water into 
hydrogen and oxygen by light. However, most 
photocatalysts require UV light activation. This project will 
develop visible light photocatalysts, allowing efficient 
hydrogen production using only sunlight.  
Hydrogen generation from water via photocatalysis 
promises a simple, one-stage process of directly 
converting solar energy into fuel, with no complex 
electronic or mechanical systems. Titanium dioxide 
(titania) is the classic water splitting material, with a 
significant body of research describing its production and 
applications. However, it requires UV activation due to its 
large bandgap, and has a low quantum efficiency. This 
precludes the efficient use of solar radiation, which has a 
small UV component, to generate hydrogen from water by 
this method.  
 
Visible-light active photocatalysts have been developed by 
introducing impurities to titania, with a number of effects 
that photosensitise and narrow the effective bandgap of 
the material; and also by using alternative semiconductor 
materials with intrinsically narrower bandgaps. A 
significant body of work has been conducted in this field 
by the Surface Engineering Group at Manchester 
Metropolitan University. However, the precise location of 
the conduction and valance bands is crucial to the 
evolution of hydrogen from water. This means that both 
the size of the bandgap and the position of the bands 
must be engineered to produce a solar-active 
photocatalytic hydrogen generator.  
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The Surface Engineering Group are world-renowned in the 
magnetron sputtering technique for the production of thin 
films.  This project will investigate the use of this 
commercially relevant method of production of such 
materials to address the complex requirements for water 
splitting. The materials will be evaluated through well-
established testing techniques and bespoke tests 
developed by the project partners to determine their 
effectiveness as photocatalysts and to relate this to their 
structural, physical and chemical properties.  
 

Aim (400 words) 
 

Project Aim:  
To produce, using magnetron sputtering deposition 
techniques, efficient visible-light active thin film 
photocatalysts capable of splitting water into hydrogen 
and oxygen 
 
Objectives:  
 
1. Evaluate the viability of a range of visible-light active 

photocatalysts with the correct band positions for 
hydrogen production via water splitting based on 
literature review (e.g. MoS2, doped TiO2, vanadium-
based compounds and ternary semiconductors). 

2. Select the most promising material(s) and deposit via 
magnetron sputtering onto a range of substrates 
(glass, Si, Stainless Steel) 

3. Characterise the crystallinity and morphology of the 
coatings (i.e. Raman spectroscopy, XRD, SEM, 
profilometry) 

4. Analysis of band gap (spectrophotometry) and 
positions (electrochemistry) and the production of 
charge carriers under illumination, ultimately testing 
water splitting activity via hydrogen evolution test cells 

5. Evaluate the best deposition process conditions to 
achieve the correct coating structures for optimised 
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properties 
6. Deposition of optimum coatings onto particulates or 

mesh to create large surface areas 
7. Demonstrate water splitting ability under UV- and 

visible light radiation via H2 evolution in a test cell and 
compare to TiO2 as a benchmark. 

8. Working with industrial collaborators, explore routes to 
scaling up production of optimised coatings 

 
 

Strategic Relevance 
(300 words) 

This project fits the strategy of the Advanced Materials 
and Surface Engineering Research Centre at MMU, in 
terms of developing new functional materials and 
manufacturing techniques with the potential for 
commercial exploitation. It will also be highly 
complementary to the Manchester Fuel Cell Innovation 
Centre newly established at MMU, which also offers the 
opportunities for strong industrial engagement.  
 
Although hydrogen is seen as a ‘clean’ fuel, many of the 
production routes, such as steam reforming of methane 
generate greenhouse gases. In contrast, solar activated 
water splitting is carbon neutral and provides a renewable 
route for this fuel. Thus, this project meets the aims of the 
Government’s Industry Strategy and Global Challenges, in 
terms of clean, sustainable energy. 
 
 

Interdisciplinarity and 
fit with DTA3 

This project is highly interdisciplinary, combining elements 
of surface engineering, electrochemistry, material science 
and advanced manufacturing. It fits the strategy of the 
DTA Energy Programme to support the development of 
energy generation that is ‘stable, secure, and resilient to 
climate change and terrorism’. 
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Industrial Relevance 
(300 words) 
Detail external 
placement 
opportunities or 
collaborations 
available as part of 
the project 

This work has the potential for commercial scale-up 
through collaboration with our industrial partners, Teer 
Coating Ltd., based in Droitwich. We are currently working 
with them in the development of coating materials for fuel 
cell applications of all types. Teer Coatings are very long 
standing collaborators of the Surface Engineering Group 
at MMU and regularly support placements. Thus, we 
would expect this project to offer a placement opportunity 
with them.  
In addition, there is an opportunity for an academic 
placement with Professor Elena Selli’s Electrochemistry 
Group at the University of Milan. Prof Selli is an 
internationally renowned expert in photocatalytic water 
splitting for hydrogen production and collaborated with 
our group in student exchanges and seminar programmes.  

Economic and 
Societal Impact (300 
words) 

Hydrogen as a fuel source offers the potential to provide a 
clean, abundant, secure and renewable energy supply for 
domestic, transport and combined heat and power 
requirements. Despite its obvious potential, hydrogen is 
yet to make the economic or societal impact that has been 
predicted for some time. However, increasing concern 
about the environmental damage caused by burning fossil 
fuels (poor air quality, climate change, damage caused by 
extraction, etc.), and increasing national desires for secure, 
renewable energy sources ensures that there is an 
increasing demand to develop the infrastructure required 
to move towards energy supplies underpinned by 
hydrogen and other renewable sources. However, in 
comparison to wind, solar or tidal sources, hydrogen offers 
much greater convenience and ease of use as an energy 
source, because it is much similar in nature to oil and gas 
as a fuel source. Consequently, most energy forecasts see 
the contribution of hydrogen to the nation’s energy 
portfolio increasing significantly in the next decades. This 
is further enhanced when hydrogen fuel cells are used in 
combination with renewable sources in ‘off-grid’ scenarios 
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or when the curtailed output from wind or solar sources is 
not required by the National Grid, but can be used to 
generate hydrogen for use in the fuel cell when the 
renewable source is not available. The potential economic 
and societal impact of projects such as this are, therefore, 
very strong.  
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Page 3 – Admission Requirements 

 

Specific Admission 
Requirements 
Detail any subject 
specific degree 
qualifications or 
disciplines, relevant 
skills, experience 

Applicants must have a good degree in an engineering, 
chemistry or materials related course. A higher degree and 
relevant research track record would be an advantage. 
 
The candidate is required to have a good understanding of 
materials science – with experience in the field of 
semiconductors and catalysis a distinct advantage. A 
knowledge of electrochemistry and experience in, or 
knowledge of the use of thin film analytical techniques such as 
SEM, XRD, XPS, Raman spectroscopy and/or in physical vapour 
deposition of thin films is desirable.  
The candidate will need to demonstrate adaptability due to the 
multi-disciplinary nature of the work, and the capacity to carry 
out experimental work safely, and with precision. An ability to 
work as part of a diverse team, to meet deadlines and produce 
reports and presentations of a high standard is essential. 
Applicants will require initiative, self-motivation, good 
communication skills, and the ability to critically evaluate their 
work. A willingness and ability to travel is an advantage, as the 
project may involve a short period of work at a collaborating 
group in Italy, amongst others. 
 
The position is based in Manchester Metropolitan University’s 
John Dalton Building in Manchester city centre. The work will 
take place in the Surface Engineering Laboratory and the 
Manchester Fuel Cell Innovation Centre – both of which are 
equipped with state-of-the-art research and testing facilities. 
Manchester is a large, cosmopolitan city and the university has 
over 38,000 students, including over 7,000 postgraduates.  
 

Minimum IELTS score Applicants must have IELTs score of at least 6.5, with no less 
than 6 in any component. 

 

 

 


