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ABSTRACT 

Proton exchange membrane fuel cells (PEMFCs) offer numerous advantages 

such as high power output, high-energy conversion efficiency, low noise, and 

no environmental pollution which make them a promising technology for 

mobile and stationary power applications. Despite inherent advantages of 

PEMFCs, some economic and technical barriers impede their large-scale 

commercialization. One of the most important technical barriers is related 

to carbon nanoparticles, having widely been used as catalyst support for 

platinum in PEMFCs as it has a very high surface area, excellent electronic 

conductivity, low cost and good accessibility. Carbon supports, however, 

have a weak interaction with platinum and are susceptible to corrosion in 

the acidic environment of PEMFCs. Therefore, one of the significant 

challenges today is to determine if and to what extent novel catalyst 

supports with co-catalytic functionality can prevent or delay the degradation 

of the catalysts and improve both activity and durability of platinum group 

metal catalysts used in fuel cells. 

To address the abovementioned PEMFCs technical barrier, the effects of 

particle size and metal oxidation state on the electrochemical behavior of 

TiO2, Mn2O3, and Mn3O4 nanoparticles were investigated. The results 

showed some oxygen reduction reaction (ORR) activity for TiO2, Mn2O3, and 

Mn3O4 nanoparticles strongly depending on particle size and metal oxidation 

state. The TiO2 nanoparticles also showed remarkable durability in PEMFCs 

environment. Platinum nanoparticles were deposited on TiO2, TiN, and TiC 

supports nanoparticles used as the active and stable catalysts for PEMFCs. 

The results suggested that there is an increased support contribution with 

increased TiO2 support size to improve Pt accessibility, thereby an increase 

in catalytic activity. Increasing the Pt loading from 12 wt% to 37 wt% on TiO2 

30 nm support, however, detrimentally affected stability. Among those 

three synthesized catalysts, the Pt/TiC catalyst had the highest stability and 

ORR performance. The ORR performance of the synthesized Pt/TiC catalyst 

was found to be promising with higher area specific activity of 252.6 

μA cmPt
−2 and almost identical mass specific activity of 0.16 A mgPt

−1 than that 

of the commercial Pt/C catalyst. Additionally, the Pt/TiC showed the 

outstanding stability with no reduction in ORR performance and 10.1% 

increase in electrochemical surface area after the accelerated stress test. 
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