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RESULTS & DISCUSSION

MOTIVATION & EXPERIMENTS

SUMMARY and FUTURE WORK

Rising levels of Greenhouse Gases (GHGs) in the atmosphere,

such as CO2, has stimulated significant research to find ways

mitigate the impact of GHGs on the climate. Fossil-fueled power

generation represents a major source of CO2 emissions, therefore

various end-of-the pipe technologies are currently proposed as

carbon management media. Solid adsorbents are a low energy

intensive alternative capable of CO2 capture at low temperatures.

Metal-organic frameworks (MOFs) represent a class of solid

adsorbents exhibiting promising performances for CO2 capture.

Recent research efforts demonstrate the potential use of MOFs as

photocatalysts, especially in the context of CO2 reduction into useful

products. Herein, we are investigating the application of MOF-based

materials as bifunctional absorbent-photocatalyst for the combined

capture and conversion of CO2. This approach could potentially

enable process intensification and improvement of the overall

Carbon Capture Utilisation and Storage process sustainability as

the regeneration energy is also used to convert CO2.

Motivation Objectives

The overall aim of this project is to develop MOF-based sorbent-

photocatalysts for CO2 conversion, with the following objectives:

 To synthesise MOFs of high porosity and CO2 adsorption 

capacity

 To investigate the role of CO2 adsorption in photocatalytic 

reduction of CO2 reactions

 To investigate catalyst surface chemistry and textural 

parameters for photocatalytic reduction of CO2

 To investigate the robustness and recyclability of the 

photocatalysts when exposed to differing environment

Experiments

 Synthesis: Novel TiO2@MOF composites were synthesized 

through the in-situ growth of MOF on preformed TiO2

nanosheets. A Zr-based MOF, UiO-66-NH2 was selected for this 

work. The composites are referred to as  

x-TiMOF with x increasing with increasing MOF content.

 Characterisation: We used a range of techniques: XRD, XPS, 

SEM, N2 sorption, DRS UV spectroscopy, transient absorption 

spectroscopy.

 Testing: CO2 sorption was measured using a volumetric gas 

sorption analyser. Photocatalytic CO2 conversion was tested 

with H2 as a sacrificial agent at ambient temperature and 

pressure using the purpose build set-up below.

1. Composites characterization

 TiO2@NH2-UiO-66 were successfully synthesized and EDX confirmed that TiO2 had been successfully 

dispersed throughout the MOF surface

 XPS points to chemical interactions between TiO2 and NH2-UiO-66 indicating mixing at the nanoscale

CO2 photoreduction

 Several TiO2@MOFs composites with various TiO2 loading, were successfully synthesised and characterised using a number of techniques.

 The composite showed enhanced photocatalytic activity for CO2 reduction, owing to hetereojunction function between TiO2 and MOF.

 The composites photoactivity was mainly governed by two parameters: (a) the content of TiO2 that controls the available sites for CO2 reduction and (b) the presence of NH2-UiO-66 as charge separator and CO2 adsorbent.

 More details on the results of this study can be found in: Crake, A., Christoforidis, K., C., Kafizas, A., Zafeiratos, S., Petit, C. (2017). “CO2 capture and photocatalytic reduction using bifunctional TiO2/MOF

nanocomposites under UV-visible irradiation”, Applied Catalysis B: Environmental, doi: 10.1016/j.apcatb.2017.03.039
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Schematic of the photocatalytic gas/solid reactor

2. Composites testing

3. Reaction pathway 
and synergy
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XRD patterns XPS

 Increased TiO2 loading decreased overall BET 

surface area of the composites but the CO2

adsorption capacity of the MOF was 

maintained

 The composites exhibited enhanced 

photocatalytic CO2 reduction to CO in the 

presence of H2 compared to the parent materials

CO2 adsorption capacity

CO2 adsorption 

capacity (mmol/gMOF)

1-TiMOF 1.7

2-TiMOF 1.8

3-TiMOF 1.9

4-TiMOF 1.5

NH2-UiO-66 1.3


