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NATTHAPORN THAWEELAP : HYDROGEN ADSORPTION ON
NICKEL SUPPOERTED ON ACTIVATED CARBON NANOFIBERS.

THESIS ADVISOR : ASSOC. PROF. RAPEE UTKE, Ph.D. 59 PP.

DISSOCIATIVE ADSORPTION/ HYDROGEN STORAGE/METAL DOPED
CARBON/ REVERSIBILITY/ DFT CALCULATION/ FIRST-PRINCIPLE

COMPUTATIONS.

In this thesis, activated carbon nanofibers (ACNF/PVP) prepared by
carbonization and  chemical  activation of  polyacrylonitrile  (PAN)-
polyvinylpyrrolidone (PVP) electrospun nanofibers and doped with 5-20 wt. % Ni are
proposed for hydrogen adsorption at room temperature. The excellent hydrogen
adsorption capacities of up to 2.12 wt. % H> (p(H2)=100 bar) and cycling stability
upon 10 cycles with average capacity of 1.17 wt. % H> (p(H2)=50 bar) are obtained
from 5Ni-ACNF/PVP. Computations and experiments confirm strong interactions
between Ni and heteroatoms (Ex=826 kJ/mol), leading to good distribution of Ni
nanoparticles. The latter results enhance reactive surface area for hydrogen adsorption
and preventing agglomeration of Ni particles upon cycling. The calculated adsorption
energy of -88 kJ/mol H implies strong chemisorption character with an average Ni—H
bond distance of 1.71 A. Furthermore, The Bader charge indicated Ni shared its
electrons to H to form Ni—H bonds due to greater electronegativity of H. Besides,
hydrogen adsorption mechanisms are not only chemisorption of adsorbed hydrogen
atoms onto Ni nanoparticles but also physisorption and spillover of hydrogen.

Therefore, hydrogen adsorption performance could be improved by the enhanced



I

reactive surface area and uniform distribution of Ni nanoparticles on the carbon

surface.
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