
Ce-doped NiFe-LDH electrocatalysts for 
oxygen evolution reaction

Paul Byaruhanga 
pbyaruha@cougarnet.uh.edu

Advisor : Dr. Shuo Chen

1

Department of Physics, College of Natural 
Science and Mathematics

University of Houston 

2/23/2024

mailto:pbyaruha@cougarnet.uh.edu


Why do we need hydrogen?
Energy source Energy density (MJ/kg)

Li-ion battery 0.54

Gasoline 46.90

Hydrogen 120.00

Department of Energy target

$2/kg H2 by 2025

$1/kg H2 by 2030

~ 220 times more energy density than batteries
~ 54 times more energy density than gasoline

https://www.bp.com/en/global/corporate/energy-
economics/statistical-review-of-world-energy.html
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H2O → H2  + ½ O2

How to produce green H2?
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Energy Diagrams, Catalysts, and Reaction Mechanisms on Make a GIF

Uncatalyzed Catalyzed

Cathode : 2H2O + 2e- → H2 + 2OH-

Anode : 4OH- → O2 + 2H2O + 4e-

Ni foam
Ni foam 

+
catalyst layer

periodic table - Search Images (bing.com)

https://makeagif.com/gif/energy-diagrams-catalysts-and-reaction-mechanisms-uIW6_B
https://www.bing.com/images/search?view=detailV2&ccid=Uz6nfZ%2fB&id=3FF816F7441AF1079CC99853B9F96BAC3191E770&thid=OIP.Uz6nfZ_BGR_ukgzcG0UgCwHaD8&mediaurl=https%3a%2f%2fupload.wikimedia.org%2fwikipedia%2fcommons%2f9%2f9d%2fPeriodic_Table_Chart.png&cdnurl=https%3a%2f%2fth.bing.com%2fth%2fid%2fR.533ea77d9fc1191fee920cdc1b45200b%3frik%3dcOeRMaxr%252bblTmA%26pid%3dImgRaw%26r%3d0&exph=1432&expw=2690&q=periodic+table&simid=608005346454166849&FORM=IRPRST&ck=401AD99A54641DBAF7C1B8CE11E50E71&selectedIndex=0&itb=0&idpp=overlayview&ajaxhist=0&ajaxserp=0
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What does our electrocatalyst look like?

5µm
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How does the electrocatalyst perform?
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Is our electrocatalyst stable?
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Conclusion
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Additional slides
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Effect of Ce doping

Liao, Yuanyuan, et al. (2023)



Challenges

Pure Ni 
foam

Ce doped layer with 
NH4Cl

Synthesis possible
Good perfprmance

Ce doped layer without NH4F
Synthesis possible
Poor perfprmance

Ce doped layer with NH4F
Difficult to synthesize.

Poor performance
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Element Line Type k Factor k Factor type Absorption 

Correction

Wt% Wt% Sigma Atomic %

O K series 1.032 Theoretical 1.00 19.28 0.36 46.82

Fe K series 0.602 Theoretical 1.00 21.15 0.29 14.72

Ni K series 0.621 Theoretical 1.00 57.07 0.40 37.77

Ce L series 1.059 Theoretical 1.00 2.51 0.26 0.70

Total: 100.00 100.00

Composition analysis
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Performance results of our catalysts
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