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THONGSUK SICHUMSAENG : SYNTHESIS, CHARACTERIZATION,
AND ELECTROCHEMICAL PROPERTIES OF Ni(OH)2-BASED
NANOSTRUCTURES. THESIS ADVISOR : PROF. SANTI MAENSIRI,

D.Phil. 247 PP.

NICKEL HYDROXIDE/HYDROTHERMAL METHOD/ELECTROCHEMICAL

PROPERTIES/PSEUDOCAPACITANCE/GAS DIFFUSION LAYER

In this research, MxNijx(OH)2 (M = Mg, Mn, Cu, Zn, Bi) nanostructures with
x =10.00, 0.05, 0.10, and 0.15 were synthesized by a hydrothermal method. The crystal
structure and electrochemical properties of the materials were studied by using several
techniques. X-ray diffraction (XRD) technique including a Rietveld refinement was
used for the structural analysis. The microstructure and morphology were investigated
by scanning electron microscopy (SEM) and transmission electron microscopy (TEM)
techniques. The chemical compositions and oxidation states were determined by X-ray
photoelectron spectroscopy (XPS) and X-ray absorption spectroscopy (XANES)
techniques. The specific - surface area and their porosity which relate to the
electrochemical performance were evaluated by gas adsorption technique. For the
electrochemical studies, cyclic voltammetry (CV), galvanostatic charge discharge
(GCD), and electrochemical impedance spectroscopy (EIS) were carried out.

The XRD results demonstrated that the substitutions of Mg?*, Mn?*, Cu?*, Zn**,
and Bi’* ions in Ni** sites had influences on the structure which were confirmed by the
Rietveld refinement due to the change of lattice parameters and unit cell volume. TEM

images revealed the difference in morphologies and sizes of hexagonal and bar-like
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shapes, depending on types and contents of the dopants that were substituted in Ni**
sites. The specific surface area of the materials obtained from Brunauer-Emmett-Teller
(BET) method was found to be in the range of 26-53 m?/g. The higher specific surface
area was due to the increase of surface-to-volume ratio in the smaller particle size.
Furthermore, pore size distributions from Barrett-Joyner-Halendar (BJH) method
presented the mesoporous and microporous structures in the samples. For the
electrochemical studies, the microporous structure improved the cyclic stability. This
is possibly due to the electrolyte ions confinement in the materials. In addition to the
electrochemical studies, the CV analysis revealed the intercalation/deintercalation
charge storage mechanism in all samples. The Mn, Cu, Zn, and Bi-doped Ni(OH), with
the specific amount showed the improved specific capacitance value. The higher value
could not clearly explain by the increased of the interlayer distance. Based on the
experimental results, there are two approaches to enhance the specific capacitance
values of Ni(OH),-based materials. (i) reducing the particle size providing the large
active area. (ii) lowering the charge transfer resistance promoting the faster electrolyte
ions transportation. In addition, the dominant capacitive charge storage mechanism
resulted in the improved cyclic stability of Ni(OH);-based materials. Therefore, the
MxNiix(OH), electrodes are promising candidate for electrochemical capacitor

applications.
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