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Key 
Questions

• Can harmful waste, such as nitrates (or NOx), be transformed into valuable chemicals? 
• Is electrochemical ammonia (NH3) synthesis a sustainable and viable alternative to the Haber-Bosch Process?
• Can synthesis of novel materials (MXenes) be streamlined for safer and more efficient procedures?

Electrochemical Ammonia Synthesis MXenes: 2D nanoscale metal carbide/nitrides

• Electrocatalysts improve electrochemical reaction efficiency.
• Potential MXene applications include electrocatalysis, battery 

materials, heat/radiation shielding, sensing, and more.7,8 
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Applying Fluoride-Free MXenes in eNtRR

Agriculture: N-based fertilisers

Industry: 
chemical feedstock

• The global ammonia industry was valued at USD 86.9 bn in 2025, 
with 4.22% predicted annual growth.1

Haber-Bosch Process

• industry standard for a century
- fossil-fuel reliant
- high energetic cost2,3
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MAX phase MXene

• Fluoride-free MXenes show promise for 
enhancing eNORR viability.11,12

eNtRR (Electrochemical Nitrate Reduction Reaction) 

+ metallic conductivity 
+ mechanically robust
+ biocompatible
+ chemically versatile
+ atomistic control
+ processable
- harsh synthesis
- degrade in oxygen8

Typically fluoride-based9

:(>150 variations:
huge versatility!10
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• Future work will investigate electrochemical and UV etching; and 
optimise hydrothermal etching for membrane construction.

• Further characterisation (PXRD, TEM, Raman, XPS) for material and 
mechanistic insights into eNtRR and etching processes. 

Faradaic 
Efficiency: 
electrochemical 
reaction 
selectivity.18

Yield Rate: 
amount of 
ammonia 
produced 

during testing.19

EDX-FE-SEM: an electron microscopy technique that generates 
images with microscale resolution and elemental composition.15

• Self-standing MXene membranes are 
suited to wastewater treatment.16

• Using the current method, membranes 
lose structural strength above ~1 cm2 size.

Etching method: 
Low concentration 
one-pot 
Hydrothermal13,14

MXene “drop-cast” onto 
carbon electrode for testing

Simple, fast, 
reproducible

Nitrate to ammonia 
conversion

Reagents added to ammonia 
form indophenol blue dye.17 

Constant voltage applied 
in a 3-electrode cell

NO3
- → NH3

<1 mg of MXene
required!

Electrified

Can be 
decarbonised.

Mild 
conditions

Cheaper industrial 
operation.4

Plasma-to-
fertiliser

Supplement 
feedstock with 

novel processes.5

Recycles 
nitrates 
Mitigates 

environmental 
and health risks.

Low reaction 
efficiency

Limited by chemical 
selectivity.3,6 Use

electrocatalyst
filtration

Product: 
concentrated 

ammonia 

nitrate pollutant 
in (waste)water

e- 

Electricity
e- 

e- 
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eNtRR Cycle

• Assessing electrocatalytic performance of MXenes:

UV-vis 
spectroscopy:
measures intensity of 
a dye’s colour to 
quantify ammonia 
concentration.17Indophenol blue

• Mild conditions
• Whole synthesis in 

one reactor
• Water based

+ cheaper and safer
+ simple purification 
+ improved efficiency
• high temperature and pressure
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Larger 
membranes are 

possible with the 
use of a polymer 

support.
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